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NEC NEWSCOPE 



NEW 32-BIT CMOS MICROPROCESSORS. 


T he two new members of NEC's 
CMOS microprocessor 
V-Series bring unprecedented 
density and performance in the 32-bit 
realm. The V60 and V70 supermicros 
are the first to integrate a Memory 
Management Unit and basic floating¬ 
point processing functions on 
a single chip. 

The V60 has a 16-bit external data 
bus for an easy, affordable path into 


32-bit products while the V70 is a full 
32-bit engine designed to power 
leading-edge systems. 

The super-fast V60 and V70 offer 
a clock speed of 16MHz, and execute 
3.5 MIPS and 6 MIPS respectively. 

A six-stage pipelined CPU enables 
concurrent execution of up to 4 in¬ 
structions. With 32 on-board 32-bit 
general-purpose registers, there 
is no need to access slow off-chip 


memory. 

The V60/V70 feature an on-chip 
memory management unit with 4 
gigabytes of demand-paged virtual 
memory space, and 4 levels of mem¬ 
ory protection for multi-tasking and 
multi-user environments. 

The V60/V70 instruction set is 
ideal for high-level languages and 
OS support (UNIX™ V and propri¬ 
etary realtime OS). There are 21 
addressing modes, 273 instructions, 
and an emulation mode for 16-bit 
V20/V30 software. 


UNIX: trademark of AT&T Bell Laboratories. 
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COMING SOON: 

NEW INTELLIGENT 

1.3/1.55/t DFB 

BUILDING COMPLEX 

LASER DIODES. 

AT VANCOUVER. 


D ispersion has always been 
a major obstacle in long¬ 
distance, high-speed light¬ 
wave communications. With conven¬ 
tional laser diodes emitting multiple 
spectrums, pulses deteriorate by 
dispersion after long travel through 
the fiber. This in turn limits repeater 
span to 20-30km and capacity to 
400—560Mbps for the prevalent 
1.3/a fiber optic systems. 

NEC has overcome this obstacle 
with newly-developed distributed 
feedback (DFB) laser diodes for 1.3/a 
and 1.55/a fiber optic transmission 
systems. They feature a stable single 
longitudinal mode operation, high 
efficiency and high output power. 
The new DFB laser diodes are ex¬ 
pected to expand repeater span to 
80— 100km for 1.3/a system or 100- 200km 
for 1.55/a system. 

NEC’s new DFB laser diodes in¬ 
herit the renowned double channel 
planar-buried heterostructure (DC- 
PBH) and have a diffraction grating 
in the optical guide region to pro¬ 
duce a single wavelength. Output 
powers are rated 8mw for the 1.3/a 
NDL5600 and 5mw for the 1.55/a 
NDL5650. They come in the TO-5 
package with an integral monitor 
photo diode or chip-on-carrier 
configurations. 

As matching light-receiving de¬ 
vices, NEC has planar type InGaAs 
avalanche photo diodes. They have 
a selective guard ring construction 
to achieve high sensitivity and ex¬ 
cellent reliability. 


T he intelligent building is an 
idea whose time has come. As 
the perfect nestling for office 
workers in the Information Age, it 
centers on an advanced information 
management system which provides 
simultaneous voice, data and image 
services to tenants 
at less cost while it 
controls the entire 
building environ¬ 
ment efficiently. 

The World 
Trade Centre/ 

Pan-Pacific 
Vancouver Hotel 
recently opened 
is just such an installation. NEC’s 
NEAX 2400 Information Manage¬ 
ment System (IMS) allows tenants to 
utilize enhanced telephone/fac¬ 
simile services including least-cost 
routing, message center and voice 
mail services, and computer termi¬ 
nal connection via a multifunction 



digital telephone set. The NEAX 2400 
IMS also offers sophisticated services 
to hotel guests. 

NEC's Intelligent Building Systems, 
based on our unique C&C (integrated 
computer and communications) tech¬ 
nology, are the most advanced and 
comprehensive available today. As 
the core of this system, the modular 
NEAX 2400 IMS can expand to 255 
tenant partitions. It supports more 
than a hundred advanced features in¬ 
cluding a protocol converter to allow 
communication with most popular 
host computers. 

NEC also supplies 
comprehensive com¬ 
ponent equipment 
including multifunc¬ 
tion digital telephones, 
information display 
pagers, high-speed 
facsimiles, business 
and personal com¬ 
puters, teleconferencing and CATV 
equipment and local distribution 
microwave links. 

NEC's comprehensive systems 
breathe new life into the smart 
building concept, bringing costly 
services like teleconferencing 
within the reach of every business. 


NEW HIGH-CAPACITY 64QAM DMR SERIES. 


N EC's newest 800 Series high- 
capacity digital microwave 
radio (DMR) systems transmit 
two or three DS3 signals per RF car¬ 
rier, utilizing 64-state quadrature 
amplitude modulation (64QAM) for 
effective use of radio spectrum. 

Three systems meeting FCC stan¬ 
dards are available: a 4GHz 90M-bit 
system providing 1,344 voice chan¬ 
nels, and 6GHz and UGHz l35M-bit 


systems for 2,016 voice channels. 

The new systems incorporate the 
latest LSIs, hybrid and microwave ICs 
throughout to achieve compact de¬ 
sign, lower power consumption and 
improved system reliability. Housed 
in a standard 19-inch rack, they require 
minimal cabling work for installation. 

The advanced 800 Series is fully 
compatible with Bell's facility main¬ 
tenance and administration system. 


NEC 
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In 1959, Kraft Foods became the first U.S. company to choose East 
Kilbride as an overseas location. 

Since then, the town has continued to attract more and more 
companies from the States. 

East Kilbride sits in the very heart of Scotland^ Silicon Glen. 

Within a 50 mile radius there are over 200 electronics companies 
forming not only a close-knit nucleus of suppliers, but a considerable 
market too. 

As well as being the ideal gateway to the expanding markets in the 
U.K., East Kilbride is also well positioned for companies wishing to exploit 
the vast European markets. 

Using East Kilbride as a tariff-free springboard, your company 
has another 600 million potential European customers. 

Our labour record is excellent, with 95% of facilities enjoying a 
strike-free period of five years. 

Because 80% of companies are union free, East Kilbride’s position 
as a right to work town is further consolidated. 

The town has a proven track record in successfully catering for 
industrial investment and our range of financial incentives is among the 
best offered by any area in the U.K. 

If your company is considering an offshore project, contact 
Rick Packer on (617) 431 7474 at PRTM, 36 Washington Street, Wellesley 
Hills, Massachusetts 02181. 

And join the other U.S. companies currently flying the flag in 
East Kilbride. 
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OPINION 


Technology should 
make life easier 
for the user, 
not just the maker 

Billions of dollars are spent each 
year to advance technology. Yet 
many of industry’s products change 
little in spite of obvious drawbacks. 
Research and development seems 
directed more at pushing back exot¬ 
ic frontiers or increasing production 
efficiency than at making products 
more convenient for those who must use them. 

This provides tremendous opportunities for technically orient¬ 
ed individuals with entrepreneurial spirit. Finding a way of ap¬ 
plying technology to improve some widely used product has led 
to many successful businesses. A few possibilities are mentioned 
here; further observations from readers would be welcomed. 

Big advances have been made in PBX (private branch ex¬ 
change) technology, offering many new services to users. One 
can store commonly called numbers for quick dialing, retry 
numbers busy on the first attempt, get multiple parties on a 
line, and so on. Yet most offices make little use of some of these 
services. What is really needed is a way for the system to inform 
people about features available and how to use them, in a way 
that helps even the occasional user. Passing a few information 
sheets around when the system is first installed just doesn’t do 
the job. 

Automobiles have become more and more electronic, making 
troubleshooting increasingly difficult. Yet automakers have not 
insisted that electronics be designed for easy maintenance and 
troubleshooting—conveniently interfaced, perhaps, to a personal 
computer. With the consumer orientation of the Japanese, they 
may well take the lead in this area. Then they will also probably 
become leaders in a growing market for troubleshooting systems. 

The difficulty of starting outboard motors is legendary, as 
many thousands of occasional boaters can attest. Not being able 
to get a motor started when blowing into a rock jetty, or when 
miles from the dock, can be maddening or downright dangerous. 
Yet most of today’s small motors seem just as touchy as those of 
decades ago. Manufacturers don’t even bother with simple direc¬ 
tions on metal plates to help neophytes. Again, inexpensive, effi¬ 
cient outboard motors that start for sure with the press of a but¬ 
ton are already being pushed down to lower horsepower ranges 
by Japanese designers. 

Checking in at the airport often means long lines that move at 
a snail’s pace as flight time approaches. Couldn’t a bar code be 
put on prebought tickets so that a quick scan would provide the 
data that have to be painstakingly punched onto a keyboard for 
each traveler? 

These are just a few places where technology could make life 
more convenient, and where someone, or some company, might 
make a lot of money at the same time. 




Robert Haavind 


Mg X'dintiogy 
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LETTERS 


Japanese information 
in English 

I read your Insights article "Windows on 
Japan” (Aug. 1986, p. 12) with interest. Even 
though you mentioned several databases on 
Japanese technology and business, you did 
not include the largest English-language 
source on Japanese technological informa¬ 
tion in the U.S.—Japanese Technical Infor¬ 
mation Service. JTIS is fully accessible to 
U.S. corporations, universities, and govern¬ 
ment research centers, whereas most of the 
databases cited in your article are inaccessi¬ 
ble due to the language barrier. 

Every month JTIS scans over 600 Japa¬ 
nese journals in areas such as biotechnolo¬ 
gy, microelectronics, computers, and tele¬ 
communications to produce some 5000 
English-language abstracts. To date, almost 
50,000 abstracts have been created. 

Herman Baron, Director 
Tom Satoh, Manager 
Business Planning and Development 
Japanese Technical Information 

Service 
Media, Pa. 

How the U.S. 
lost machine tools 
to Japan 

"Designing for flexibility” (Aug. 1986, 
p. 50), about how the nearly $6 billion Japa¬ 
nese machine-tool industry has achieved 
world leadership, was well done. Ironically, 
we in the U.S. were the inventors of the now 
dominant smaller and more flexible numer¬ 
ically controlled machines, but our lost 
position in machine tools parallels our 


downfall in many other areas as well. 

The story is well documented in David 
Noble’s book Forces of Production: A Social 
History of Automation. Noble describes our 
movement into automation as a continua¬ 
tion of the U.S. penchant for overcomplex¬ 
ity, centralized mass production, and tools 
that admit less and less skill and input by 

In Japan, labor organization favored ma¬ 
chinist input. The extensive subcontracting 
systems of the big firms encouraged small- 
shop use of advanced flexible machining 
technology. And Japan had no joint mili¬ 
tary-academic bias for complex systems. 
Thus Noble reports that "by 1972, 90 per¬ 
cent of Japanese machines were of the sim¬ 
pler design.” And today they have the world 
market! 

Tom Peters 
Palo Alto, Cal. 

Mr. Peters is coauthor of The Passion for 
Excellence and In Search of Excellence. 

A leader in 
bar coding 

"Bar codes keep factories on track” (July 
1986, p. 64) mentioned Computer Identics 
and Intermec as being notable participants 
in the bar code technology field. Accu-Sort 
Systems has been a leader in this area for 
almost 20 years and also deserves mention. 
Some of Accu-Sort’s clients include the U.S. 
Navy, the U.S. Postal Service, and the Gen¬ 
eral Motors Buick plant in Flint, Mich. It is 
still a privately owned company, while 
many of the others are public. Nonetheless, 
Accu-Sort holds a large share of the market. 

Robert A. Hollenbach 


Account Manager 
Zorn Advertising 
Chalfont, Pa. 

Dow now 

Because I work for Dow Chemical Company 
in the membranes and separations area, 
and because Dow is one of Du Pont’s com¬ 
petitors, I read your Business Strategy "Du 
Pont: Moving into membrane filters” (Aug. 
1986, p. 14) with great interest. Like Du 
Pont, Dow has had a commercial mem¬ 
brane device for salt water desalination for 
many years. While your article mentioned 
that Du Pont is considering devices "to 
separate the oxygen and nitrogen in air” 
and "to purify natural gas by removing 
carbon dioxide,” Dow presently markets a 
product known as Generon for the separa¬ 
tion of oxygen and nitrogen in air. Dow also 
has a commercial business known as The 
Cynara Company that purifies natural gas 
by removing carbon dioxide. 

D. A. Livingston 

Senior Research Engineer 

Western Applied Science and 

Technology Laboratories 
Dow Chemical U.S. A. 

Walnut Creek, Cal. 

Project HOPE: 

First in health 

Your article "Flying eye clinic spreads sur¬ 
gical know-how” (March 1986, p. 68) makes 
a comparison between Project Orbis and 
Project HOPE that is inaccurate and mis¬ 
leading. You state that unlike "Project 
HOPE, Orbis goes beyond immediate care” 
by supplying donated equipment and 
hands-on medical training. Project HOPE’S 
primary objective for 27 years has been to 
provide medical, dental, nursing, and allied 
health education and training. More than 
4000 American educators have volunteered 
their services in more than 50 countries 
throughout the world, including the United 
States, so that we could fulfill that 
objective. 

Our customary program lasts five years, 
which gives us the opportunity to develop 
nursing schools, biomedical engineering 
training centers, learning resource centers, 
and primary, secondary, and tertiary 
healthcare specialists in all fields. 

We were unique in this effort when we 
began and continue to fulfill a worldwide 
need. 

John T. Walsh, Vice-President 
Project HOPE 
Millwood, Va. 


We welcome comments from our read¬ 
ers. Please address letters to Editor, 
High Technology, 38 Commercial 
Wharf, Boston, MA 02110. 



Japanese workers at Okuma Machinery assemble computers for guiding numerically 
controlled machines. 


HIGH TECHNOLOGY/NOV 1986 



















Scientists at AT&T Bell Laboratories 
have created a “laboratory” on a chip- 
featuring a functioning transistor only 
200 atoms wide. 

This new transistor—a laboratory 
in which microscopic circuits reveal the 
fundamental nature and behavior of 
electrons—enables us to explore the 
physical limits of miniaturization. 

Shrinking Pains 

Miniaturization is one key to increasing 
power, capability and speed in an inte¬ 
grated circuit. 

But there’s more to shrinking a 
circuit than making it smaller; there are 
new problems created by the laws of 
physics. One of the most troublesome is 
noisy electrons. 

Just as electrons can carry infor¬ 
mation through the transistors of a cir¬ 
cuit, they can also make noise. And, as 
circuits get smaller, noise becomes 
more of a factor, even to the point of 
“drowning out” the information. 

What’s All This Noise About? 

To ensure that smaller will continue to 
mean better, AT&T sought a new way to 
isolate, understand and control elec¬ 
tron noise. 

Utilizing an advanced method of 
precision engraving, chips were 
carved with the record-breaking 
200-atom-wide transistor circuits— 
so small they force electrons to flow 
in nearly single file. 

This micro-laboratory makes it 
possible to segregate, manipulate and 
“tune-in” on individual electrons. (Lis¬ 
tening to electrons one at a time is like 

in the crowd at the^Olympics.) By study¬ 
ing electron flow at this minuscule order 
of magnitude, AT&T has produced some 
fundamental revelations about the 
sources of circuit noise. 


The Rocks In The Rapids 

As electrons move through the narrow 
circuit, they behave both like waves and 
like particles. The particles can be 
troublemakers. Some produce obstacles 
in the form of charged atoms—atomic 
“rocks” that create disruptions in the 
flow of current, much the way rocks cre¬ 
ate the “rapids” in a stream. 

Noise—in the form of individual 
“clicks”—comes from sudden changes in 


current flow as single 
electrons create 
and destroy atomic 
“rocks.” Now, using our 
narrow-channel transis¬ 
tor to study these dis¬ 
ruptions in current flow, 
we are able to identify 
the individual clicks 
that comprise data- 
obscuring noise in ultra-small circuits. 

Quiet! Electrons At Work 
Identifying the source of electron noise 
is a big step toward removing it. But, 
AT&T is already working on the next 
step—experimentally altering the 
nature of atomic obstacles to reduce 
their effects. 

As the number of components on 
silicon integrated circuit chips continues 
to increase—by a factor of as much as 

100 each decade—a knowledge of noise 
becomes critical. Today, AT&T packs 

2 million components into its megabit 
memory chip; by the late 1990s, 
100-milfion-component chips should be 
possible. 

A consistent world leader in 
microelectronics, AT&T will continue to 
probe the physics of the very small, 
building on the advanced research made 
possible by a laboratory on a chip. 

□AT&T publishes a magazine called 
PROTO, a report to managers on how 
AT&T technologies are being used in 
advanced communications products and 
services. 

For a free copy of PROTO, write: 
PROTO Circulation Manager, AT&T 
Bell Laboratories, Box A, Room 1L-404, 

101 John E Kennedy Parkway, Short 
Hills, New Jersey 07078. © copyright urae at&t 
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UPDATE 


High tech executives 
in greater demand 

After several years of little or no 
growth, executive employment 
levels in high technology fields 
are expected to rise in the coming 
year and continue rising through 
the end of the decade, according 
to a recent industry survey. 

High tech companies through¬ 
out the U.S., including electronics 
manufacturers, software publish¬ 
ers, service providers, and tele¬ 
communications firms, were 
polled by Russell Reynolds Asso¬ 
ciates (New York), an executive 
recruitment group. Three-quarters 
of the companies expect to in¬ 
crease overall employment by 20% 
or more over the next year, and 
83% foresee at least some in¬ 
crease. Only 12% anticipate a de¬ 
crease. Although hiring in certain 
job categories (planning and cor¬ 
porate development, general man¬ 
agement) is expected to decline, 
the outlook for most categories is 
promising. In greatest demand 
will be executives in marketing 
and sales—areas in which two- 
thirds of the firms intend to boost 
hiring—followed by those in R&D 
and engineering and manufactur¬ 
ing, where 39% expect increases. 

Specific reasons for the up¬ 
swing are hard to pinpoint, ac¬ 
cording to Dennis Hightower, 
manager of the Los Angeles of¬ 
fice of Russell Reynolds. In all 
likelihood, he says, industries are 
simply looking to “brighter days 
ahead” after the recent recession. 


Faster chip enters 
the PC mainstream 

In mid-September, Compaq Com¬ 
puter (Houston) became the first 
major vendor in an anticipated 
flood of companies to offer a per¬ 
sonal computer based on Intel’s 



new 32-bit microprocessor, the 
80386. The computer industry had 
long awaited the Intel chip, which 
is the latest advance in the micro¬ 
processor line that has become 
the IBM-backed standard for busi¬ 
ness PCs; the chip’s predecessor, 
the 80286, powers IBM’s high-end 
PC/AT and a host of compatibles. 
Compaq claims that its new ma¬ 
chine, the Deskpro 386, not only 
runs virtually all IBM PC software 
but also offers far more memory 
and 2-3 times the processing 
speed of AT-level machines. 

The Deskpro 386 gets its high 
speed largely from the 80386, 
which operates on 32 bits of data 
at a time and runs at a 16-MHz 
clock rate, instead of the 8-MHz 
rate of the 80286. In addition, the 
computer has a 32-bit memory 
bus—which speeds data transfer 
within the machine—and can sup¬ 
port up to 14 megabytes of inter¬ 
nal RAM (versus 1.2 MB for most 
80286-based machines). It comes 
in two models, one with a 40-MB 
hard disk ($6499) and one with a 
130-MB hard disk ($8799). 

Compaq expects its latest prod¬ 
uct to be used in demanding busi¬ 
ness applications such as complex 
spreadsheets and large data¬ 
bases—often as a central data re¬ 
pository, or file server, within a 
local-area network—and in engi¬ 
neering and technical applications 
such as CAD/CAM. In addition to 
running the standard MS-DOS op¬ 
erating system, the Deskpro runs 
the Unix-like Xenix System V/286; 
a 386 version from Xenix vendor 
Microsoft, designed to exploit the 
new chip’s architecture, should be¬ 
come available in early 1987. 


The Compaq Deskpro 386 gets most 
of its speed from Intel’s new 80386 
microprocessor. 


Ultrasonic motors 

A motor driven by ultrasonic vi¬ 
brations may soon be replacing 
small electromagnetic motors in 
video equipment, industrial ro- 
_ bots, and other devices. Its de¬ 
veloper, Matsushita Electric of 
Osaka, Japan, claims that the mo¬ 
tor is simpler, lighter, and more 
compact, so it could eventually be 
manufactured at lower cost. And 
unlike electromagnetic motors, 
says the company, the new design 
runs at low rpm’s (500-600), elimi¬ 
nating the need for speed reduc¬ 
tion gears. 

The heart of the motor is a pair 
of metal rings or disks, one on top 
of the other, coated with a special¬ 
ly developed high-friction plastic. 
The lower ring, the stator, is 
bound to a piezoelectric ceramic 
that transfers ultrasonic vibra¬ 
tions to the stator when excited 
by an electric current. The result 
is a traveling wave—a series of 
tiny deformations on the surface 
of the material—that ripples 
around the stator’s circumference, 
carrying the rotor with it. The 
direction of rotation is reversed 
by changing the polarity of the 
current. 

Ultrasonic motors under devel¬ 
opment elsewhere have not been 
efficient enough for commercial¬ 
ization, reports Matsushita. But 
by cutting notches in the stator to 
reduce its stiffness and thus per¬ 
mit waves of greater amplitude, 
Matsushita raised the energy-con- 
version efficiency to 45%. (By con¬ 
trast, says the company, reduction 
gears drag the efficiency of elec¬ 
tromagnetic motors to as low as 
10%). Matsushita plans to use the 
motors first in automatic zoom 
lenses on its video cameras, and 
will begin supplying them to other 
manufacturers, probably next 
year. 
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Matriculating in space 

A small group of astronautical en¬ 
gineers is striving to give new 
meaning to the term “higher edu¬ 
cation.” Their plan: to found an 
international space university, 
with permanent quarters in orbit. 
“We’d like to gather some of the 
best students, who are future 
leaders of technology and science, 
and educate them together,” says 
group chairman Peter H. Diaman- 
dis, an MD-PhD candidate in aero¬ 
space engineering at Harvard 
Medical School and MIT. The ulti¬ 
mate aim is to “provide the next 
generation of students with the 
education and motivation to fully 
develop the space frontier.” 

The group has some down-to- 
earth backing. It has raised 
$11,000 from corporate sponsors 
and enlisted the aid of MIT presi¬ 
dent Paul E. Gray and associate 
engineering dean Jack L. Kerre- 
brock. Its advisory board also in¬ 
cludes Harvard president Derek 
Bok and former Apollo astronaut 
and senator Harrison H. Schmitt. 

The curriculum has yet to be 
narrowed down, but “initially we 
will take a broad look at all the 
sciences as they apply to space 
matters,” says vice-chairman Ken¬ 
neth H. Sunshine, an engineer at 
Draper Laboratory (Cambridge, 
Mass.). “We’ll also consider sub¬ 
jects such as law, sociology, psy¬ 
chology, and medicine that have 
application to space.” 

Diamandis plans so start the 
school in 1988 as a summer ses¬ 
sion at a host university, probably 
MIT, perhaps followed by the Uni¬ 
versity of Beijing in 1989. Then, 
says Diamandis, the project would 
grow to a year-round institution. 
In 20 years or so, the university 
would move into space (most like¬ 
ly by buying a module attached to 
a space station), allowing students 
to do research in orbit. 



Dual implants restore 
normal heartbeat 

For the first time, cardiologists 
have implanted two separate de¬ 
vices—a pacemaker and a defibril¬ 
lator—for treating tachycardia 
(abnormally fast heartbeat). The 
concept has been picked up by 
several medical equipment firms 
that hope to combine the devices 
into a single lightweight implant 
within a few years. 

More than just an uncomfort¬ 
able experience, tachycardia may 
trigger ventricular fibrillation— 
the uncoordinated quivering of 
the heart that claims hundreds of 
thousands of lives annually. Pace¬ 
makers, implants that respond to 
abnormal heart rate by giving the 
heart a modest electric jolt, re¬ 
store normal beating in most 
cases. But sometimes they make 
the heart pound even faster. 

To solve this problem, James D. 
Maloney, a cardiologist at the 
Cleveland Clinic, has implanted 
several patients with an experi¬ 
mental anti-tachycardia pacemak¬ 
er and a commercial defibrillator. 
If the pacemaker fails to correct 
the tachycardia, the defibrillator 
delivers a powerful shock that 
usually restores normal rhythm. 


Pacemaker (right) and defibrillator 
(left), displayed by Cleveland Clin¬ 
ic’s James D. Maloney, may soon be 
merged into a single unit. 


Recent attempts to wed the de¬ 
vices have resulted in a unit mea¬ 
suring five inches square—too big 
for routine use. “The company 
that develops a pacemaker-size 
unit programmable from outside 
the body will be in the best mar¬ 
keting position,” says Maloney. 
Such a device, he says, could be 
implanted in as many as 100,000 
patients per year in the U.S. 

Refrigerating 
with magnets 

Magnets have always been handy 
for sticking notes on refrigera¬ 
tors, but now they’re being used 
to do the cooling. In refrigerators 
developed by Astronautics Corp. 
(Milwaukee, Wis.), magnetic heat 
exchangers replace bulky com¬ 
pressors, resulting in units that 
are said to be smaller and lighter 
than regular refrigerators, as well 
as 30-40% more efficient. 

The new refrigerators exploit 
the magnetocaloric effect, where¬ 
by certain magnetic materials—in 
this case, gadolinium—heat up in 
a magnetic field. A piece of gado¬ 
linium on a rotating ring spins 
into the gap between the poles of 
an electromagnet. Simultaneously, 
the heat generated is drawn off 
by a system of circulating alcohol 
and vented to the outside. Then, 
as the gadolinium leaves the field, 
it loses its magnetocaloric energy. 
Now colder than before, it is used 
to cool a second fluid system, 
which in turn cools the refrigera¬ 
tion compartment. The cycle re¬ 
peats once per second. 

The units are claimed to be effi¬ 
cient over a wide temperature 
range (even near absolute zero, 
using a fluid such as liquid hydro¬ 
gen). The company plans to start 
selling lab models next year. 

Home units, planned for the ’90s, 
could take over part of a market 
now estimated at a cool $5 billion. 
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Reviving Yankee ingenuity 

Robert N. Noyce 
Vice-Chairman, Intel Corp. 


T he notion of the rugged individual¬ 
ist overcoming all obstacles has 
characterized American cultural his¬ 
tory from its beginnings. The same 
spirit of innovation that brought the 
first colonists to the New World and 
later spurred the settlement of the 
West was also the foundation upon 
which so many of our key industries 
were built. All such ventures start 
with individuals who try to break 
through conceptual barriers and open 
the eyes of the world to previously 
unexplored opportunities. 

We in industry certainly don’t have 
to worry about a shortage of innovative 
ideas—we’re still blessed with a great 
many gifted people—but it’s becoming 
increasingly difficult to maintain envi¬ 
ronments where those seeds of creative 
thought can grow. Larger economic 
issues are having an inhibiting effect. 
The semiconductor industry in partic¬ 
ular has had its troubles over the past 
couple of years; it’s pretty hard to 
think about extending frontiers 
through innovation when many com¬ 
panies are struggling to survive. 

Without a robust rate of growth, 
there isn’t any "slack”—economic sol¬ 
vency—in the system that allows com¬ 
panies to experiment. The entrepre¬ 
neurial individual is less likely to 
innovate if he or she cannot pursue an 
idea just for the sake of curiosity. 

When the slack is removed, failures 
become critical—they can affect the 
solvency of an entire company. Under 
such pressure, it’s extremely difficult 
for creative minds to function. We 
can’t stand over people with a whip 
and tell them to create, or else! The 
innovation process is dependent on our 
ability to give researchers breathing 
room and leave them alone so that 


This article is adapted from a speech 
made earlier this year at the annual 
meeting of the Institute of Electrical and 
Electronics Engineers in San Jose, Cal. 


their ideas can eventually bear fruit. 

During Intel’s first few years, for 
example, we budgeted significant 
amounts of money for new projects. We 
didn’t always know what those proj¬ 
ects would be, but we knew that we had 
some pretty good minds in our organi¬ 
zation and we had to provide the envi¬ 
ronment where those people could 
think and create. That’s how Dov Froh- 
man invented the EPROM and how Ted 
Hoff developed the microprocessor. 
There was no guarantee that their 
ideas would work, but we never would 
have found that out if we hadn’t taken 
the risk and allowed those people to 
succeed—or, for that matter, fail. 

As we now know, they didn’t fail. 
Their ideas changed our industry and, 
with it, the way people live today the 
world over. But those two devices ap¬ 
peared in 1971. Things were much dif¬ 
ferent then. There was a general feel¬ 
ing of optimism about the economic 
future of this country. After all, we had 
put a man on the moon only two years 
before, we led in almost all key areas of 
technology, and our position in the 
world economy was almost unchal¬ 
lenged. 

Now, fifteen years later, we look at 
our industrial future with a certain 
pessimism. The slack has largely dis¬ 
appeared. As our economy has tight¬ 
ened, we’ve put serious constraints on 
our ability to innovate, not only on the 
individual but on the corporate level. 
Increasingly, we find ourselves playing 
things closer to the vest, not taking the 
kinds of risks that characterize the big 
breakthroughs. 

Such a pessimistic outlook breeds 
disorder and mediocrity. During good 
times, the pie is big enough so that 
everyone is assured of a substantial 
slice. But during bad times, groups 
become more protectionist and less 
outward-looking. They become con¬ 
cerned only with the issues that affect 
them directly, and the same number of 


voices end up clamoring for a piece of a 
smaller pie. It becomes harder to focus 
on long-term global issues. 

The picture is pretty grim at pres¬ 
ent, but there are things we can do to 
turn the tide. I participated not long 
ago in the President’s Commission on 
Industrial Competitiveness, headed by 
John Young of Hewlett-Packard, 
which set forth a number of recom¬ 
mendations. First among them, Amer¬ 
ica must return to one of its most 
fundamental values: the old "saving 
for a rainy day” concept. We have 
become a nation of spenders; one look 
at the federal budget and trade deficit 
tells that story. It’s axiomatic that if 
we consume more than we produce, we 
must import, and that strengthens oth¬ 
er economies instead of our own. We 
end up removing the slack, limiting 
the role of the individual as an innova¬ 
tor, and ultimately degrading the inno¬ 
vation process at its core. 

This trend could have been ad¬ 
dressed through appropriate tax re¬ 
form. Economists usually agree that 
investments can be increased by tax¬ 
ing consumption and exempting sav¬ 
ings. But the recent tax bills are move¬ 
ments in the opposite direction. Taxes 
would be shifted from individuals who 
spend, to corporations that invest most 
of their income. This doesn’t bode well 
for the efforts of industry to put money 
into new plants and equipment; the 
system will not allow us to grow. 

Trade policy is also critical. Our gov¬ 
ernment has yet to focus on trade as a 
national priority. Even though some¬ 
where around 15-25% of the manufac¬ 
tured goods we consume are now pro¬ 
duced abroad, the belief persists that 
we are still a domestic economy. The 
Young Commission recommended that 
a Cabinet-level Department of Trade 
be formed to provide a national focus 
for addressing this issue. 

What’s more, even though most of 
our productivity improvements have 
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come from advances in science and 
technology, we are now falling behind 
our trading partners in much of this 
crucial activity. As more of our nation¬ 
al research is being devoted to de¬ 
fense—with its questionable fallout ef¬ 
fect on commercial applications—our 
civilian research and development ef¬ 
forts are being shortchanged. The 
Young Commission recommended that 
a Department of Science and Technolo¬ 
gy be formed to assure that our nonde¬ 
fense R&D is supported and coordinat¬ 
ed in explicit pursuit of industrial 
competitiveness. 

We must also invest in the education 
of our present and future work force by 
supporting our educational system, 
providing for worker training (and re¬ 
training), and improving the relation¬ 
ship between management and labor. 
Traditional strife must give way to 
cooperation, without which we will be 
unable to advance. 

We’re also going to have to learn 
how to manufacture better. The Pacif¬ 
ic Rim nations have proved rather em¬ 
phatically that they can make quality 
products less expensively than we can, 
and the gap in labor costs is not the 
only factor. We’ve gotten sloppy over 
the years, largely because we never 
had to worry about competition before. 
It’s time, then, to turn our innovative 
thinking to manufacturing technolo¬ 
gy. Process engineering must be raised 
to the same exalted status that we 
have bestowed on product design. We 
also have to work smarter and get 
more out of the facilities that are on¬ 
line today. 

Finally, our corporations must coop¬ 
erate with each other to increase our 
national productivity. At a time when 
competition is global, we must recog¬ 
nize that the threat to our well-being 
lies not in the cooperation between 
companies but in the lack of it. By 
pooling the knowledge and resources 
of our leading corporations, America 
can become more competitive. 

It’s no accident that I’ve wound up 
talking about governments, global pol¬ 
icies, and large corporate combines in 
trying to get to the root of individual 
contributions. Unless the larger issues 
get resolved, and the climate for inno¬ 
vation becomes affordable, we’ll never 
be able to regain the slack that is so 
necessary for the individual creative 
mind to flourish. But if we reestablish 
that environment, I have no doubt that 
the individual in our society will once 
again drive those quantum leaps that 
have traditionally characterized 
American industry. □ , 




HI-TECH 
NOISE KILLER 


SONEX acoustic foam is deadly t> 


annoying computer room noise. And it’ll 

your hi-tech environment. Simply hang sheets 
of this patented, professional foam to quiet the 
combined clatter of fans, motors and printers. 

Call or write for complete facts and a free brochure; 
3800 Washington Ave. North, Minneapolis, MN 
55412.(612)521-3555. 

illbruck 


!X/ 


CutOutFor 
TheShape Of 
Thn^sTbCome. 


ou 


To know why our futures so bright in Arizona yo 
\ need to know all aoout our recent past.Which is wnaL 
\ been compressed into one thin booklet of statistics 
/ by the bank with some pretty impressive statistics ofits 
y ' own: Over $10 billion in assets,double the size of any 
I other bank headquartered in Arizona. 

f For your free copy, just send us this coupon. 


Name 

Tide 


Company 

TypeofBusiness 


Address 

City 

Phone 

Ziv 


VALLEY NATIONAL BANK 

Economic Development,PO. Box 13704, Phoenix, AZ85002 


HIGH TECHNOLOGY/NOV 1986 






















BUSINESS STRATEGIES 


Intergraph: 

STAYING AHEAD 
IN CAD/CAM 

M ore than a few companies that 
supply expensive computer-aid¬ 
ed design and manufacturing (CAD/ 
CAM) systems have been sent reeling 
by the continuing stagnation in capital 
spending, but Intergraph (Huntsville, 
Ala.) has managed to keep a steady 
course. In the past two years, it has 
passed rivals Computervision and GE 
subsidiary Calma—both of which have 
stumbled—to move into CAD/CAM’s 
number-two spot, second only to IBM. 
With 1985 sales of $526 million, Inter¬ 
graph had 15% of the market (behind 
IBM’s 21%), estimates research firm 
Daratech, of Cambridge, Mass. The 
company was able to expand even dur¬ 
ing an industrywide recession, with a 
30% growth rate in 1985 and an addi¬ 
tional 20% expected this year (though 


these figures pale in comparison with 
the soaring 60% growth rate it posted 
in 1984). 

Intergraph owes its success to "an 
extremely consistent product strate¬ 
gy,” says Robert Grandhi, a technology 
analyst for Interstate Securities (Char¬ 
lotte, N.C.). The company made a pru¬ 
dent decision in the late 1970s not to 
manufacture the computers used in its 
systems, Grandhi notes, but to concen¬ 
trate instead on software design. Thus, 
Intergraph was spared the expense of 
developing its own 32-bit processors 
when 16-bit systems became outmod¬ 
ed. And it was relatively unhurt by the 
deep price cuts that followed the intro¬ 
duction of low-cost engineering work¬ 
stations in the early 1980s by start-ups 
such as Apollo. "It’s become a difficult 
business to make money in, with CAD/ 
CAM companies now selling worksta¬ 
tions at $25,000 that used to sell for 
$125,000,” says Bruce Johnston, CAD/ 
CAM analyst for First Boston (New 
York). 



In Intergraph’s CAD/CAM systems, the same geometric parameters used to design 
object also control the final manufacturing process, says manager ferry Adams. 


Intergraph buys almost all its com¬ 
puter equipment from Digital Equip¬ 
ment Corp., adding proprietary compo¬ 
nents such as file, graphics, and 
communications processor chips to in¬ 
crease overall system speed. The 
choice of DEC equipment became a 
strong selling point for the company, 
analysts say, because customers can 
use it to run a wide array of general- 
purpose software as well as CAD/CAM 
programs. What’s more, Intergraph 
does not sell any of its several hundred 
software packages without hardware, 
a fact that has undoubtedly boosted its 
profitability. Indeed, it is one of the few 
"turnkey” vendors left in the CAD/ 
CAM industry, supplying hardware, 
software, installation, and training, 
says Jerry Adams, the company’s ap¬ 
plication manager of computer-inte¬ 
grated manufacturing. 

Intergraph hasn’t been without 
problems, however, many of them re¬ 
volving around its recently introduced 
Interpro 32 workstation, which is 
based on a 32-bit microprocessor from 
National Semiconductor. In designing 
the Interpro, which it developed in 
response to the growing popularity of 
low-priced engineering workstations, 
Intergraph broke precedent and decid¬ 
ed to manufacture the hardware itself. 
(Some analysts speculate that this de¬ 
cision was prompted in part by the 
delayed introduction of DEC’s worksta¬ 
tion, the Microvax.) But the Interpro 
has been plagued by delays of its own, 
stemming largely from difficulties in 
converting software written for a pro¬ 
prietary DEC operating system to run 
under Unix, the Interpro’s operating 
system. Unfinished software caused 
sluggish sales, and at midyear Inter¬ 
graph was shipping fewer than 300 
units a month, by Adams’s estimate, in 
contrast to expected volumes three 
times that amount. 

Future trouble may come from an¬ 
other quarter, however. The latest 
newcomers to the CAD/CAM market, 
makers of systems based on PCs, are 
expected to become a more serious 
threat with the anticipated introduc¬ 
tion of powerful new PCs from IBM and 
Apple Computer. Intergraph contends 
that it doesn’t compete directly with 
makers of PC-based systems, but sells 
instead to a more technically sophisti¬ 
cated part of the market. "The key to 
our systems is integration,” says Ad¬ 
ams. "We give true 3-D modeling, and 
the geometry of an object controls the 
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Intergraph: 

STAYING AHEAD 
IN CAD/CAM 

M ore than a few companies that 
supply expensive computer-aid¬ 
ed design and manufacturing (CAD/ 
CAM) systems have been sent reeling 
by the continuing stagnation in capital 
spending, but Intergraph (Huntsville, 
Ala.) has managed to keep a steady 
course. In the past two years, it has 
passed rivals Computervision and GE 
subsidiary Calma—both of which have 
stumbled—to move into CAD/CAM’s 
number-two spot, second only to IBM. 
With 1985 sales of $526 million, Inter¬ 
graph had 15% of the market (behind 
IBM’s 21%), estimates research firm 
Daratech, of Cambridge, Mass. The 
company was able to expand even dur¬ 
ing an industrywide recession, with a 
30% growth rate in 1985 and an addi¬ 
tional 20% expected this year (though 


these figures pale in comparison with 
the soaring 60% growth rate it posted 
in 1984). 

Intergraph owes its success to "an 
extremely consistent product strate¬ 
gy,” says Robert Grandhi, a technology 
analyst for Interstate Securities (Char¬ 
lotte, N.C.). The company made a pru¬ 
dent decision in the late 1970s not to 
manufacture the computers used in its 
systems, Grandhi notes, but to concen¬ 
trate instead on software design. Thus, 
Intergraph was spared the expense of 
developing its own 32-bit processors 
when 16-bit systems became outmod¬ 
ed. And it was relatively unhurt by the 
deep price cuts that followed the intro¬ 
duction of low-cost engineering work¬ 
stations in the early 1980s by start-ups 
such as Apollo. "It’s become a difficult 
business to make money in, with CAD/ 
CAM companies now selling worksta¬ 
tions at $25,000 that used to sell for 
$125,000,” says Bruce Johnston, CAD/ 
CAM analyst for First Boston (New 
York). 



Intergraph buys almost all its com¬ 
puter equipment from Digital Equip¬ 
ment Corp., adding proprietary compo¬ 
nents such as file, graphics, and 
communications processor chips to in¬ 
crease overall system speed. The 
choice of DEC equipment became a 
strong selling point for the company, 
analysts say, because customers can 
use it to run a wide array of general- 
purpose software as well as CAD/CAM 
programs. What’s more, Intergraph 
does not sell any of its several hundred 
software packages without hardware, 
a fact that has undoubtedly boosted its 
profitability. Indeed, it is one of the few 
"turnkey” vendors left in the CAD/ 
CAM industry, supplying hardware, 
software, installation, and training, 
says Jerry Adams, the company’s ap¬ 
plication manager of computer-inte¬ 
grated manufacturing. 

Intergraph hasn’t been without 
problems, however, many of them re¬ 
volving around its recently introduced 
Interpro 32 workstation, which is 
based on a 32-bit microprocessor from 
National Semiconductor. In designing 
the Interpro, which it developed in 
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[design and manufacturing] process all 
the way to the end product.” 

At the high end of the market, Inter¬ 
graph finds itself in head-to-head com¬ 
petition with IBM, especially in the 
mechanical design segment, which the 
computer giant dominates. While 
IBM’s size lets it price aggressively, 
many observers believe its software— 
which is purchased from independent 
developers—is inferior to Intergraph’s. 
Intergraph is continually adding im¬ 
provements, says Interstate’s Grandhi, 
as in the case of a technique called 
object-oriented programming that al¬ 
lows it to add program features with 
little modification of old code. This will 
enable Intergraph’s systems to inter¬ 
act with other companies’ equipment 
without extensive reprogramming, 
proving once again, he believes, that 
the company is "at the forefront.” 

—Robert Snowdon Jones 


Microsoft: 

USHERING IN 
THE CD-ROM ERA 

O ne of the country’s most diversi¬ 
fied microcomputer software pub¬ 
lishers, Microsoft (Redmond, Wash.), is 
laying the groundwork for what it 
hopes will become yet another lucra¬ 
tive area: supplying software for use 
with optical discs. Compact disc read¬ 
only memory (CD-ROM)—so called be¬ 
cause it uses the same discs and play¬ 
back mechanisms as digital music 
players—is being heralded by many 
computer industry trend spotters as an 
important new data storage medium. 
Despite drawbacks (for instance, there 
is no effective way to erase and rere¬ 
cord CD-ROMs), the discs have enor¬ 
mous storage capacity compared with 
conventional magnetic media. Conse¬ 
quently, they are already appearing in 
a number of new applications that use 
vast quantities of prerecorded data, 
such as electronic encyclopedias and 
reference catalogues. 

From the start of Microsoft’s in¬ 
volvement two years ago, CD-ROMs ap¬ 
pear to have been a pet project of 
company founder and chairman Wil¬ 
liam Gates. The CD-ROM division "is 
the only group at Microsoft that re¬ 
ports directly to me,” he says, even 
though "it is really an R&D activity for 
now,” with no revenue projected until 


1988 at the earliest. Given the healthy 
state of the company’s finances, 
though, it can afford to indulge in long¬ 
term projects. Best known as the sup¬ 
plier of the operating system for the 
IBM PC and its clones, Microsoft also 
sells an assortment of PC application 
packages. It logged $39 million in prof¬ 
its on $197 million in sales for the year 
ended in June, in addition to the $39 
million in capital the company raised 
when it went public last spring. 

By its own account, Microsoft has 
been spending heavily on CD-ROMs, in 
large part to help launch them into the 
market. To iron out incompatibilities 
among different manufacturers’ hard¬ 
ware, the company was instrumental 
in devising a data file format that has 
already been adopted by Sony and Phil¬ 
ips. And on its own, Microsoft held an 
industrywide conference last March to 
"generate some activity” among soft¬ 
ware developers and information pro¬ 
viders, says Thomas Lopez, Vice Presi¬ 
dent in charge of the company’s 
CD-ROM division. Such activity, Micro¬ 
soft hopes, will create demand for two 
products currently in the works: soft¬ 
ware that links CD-ROM drives to per¬ 
sonal computers, and software develop¬ 
ment tools that application writers can 
use to add the graphics, audio, and 
video features made possible by the 


discs’ vast storage capacity. 

Few of the 60 or so commercially 
available CD-ROM applications that al¬ 
ready exist—for the most part, unal¬ 
tered versions of databases that were 
previously available on line or in 
print—take advantage of these capa¬ 
bilities, says James Porter, president 
of Disk/Trend (Los Altos, Cal.). But he 
predicts that the multimedia approach 
will be embraced wholeheartedly by 
makers of educational films and train¬ 
ing materials. A number of small com¬ 
panies, such as start-ups Interactive 
Training Systems and Visage, have 
already entered this field. 

But even conventional text-based 
applications can benefit from features 
made available by CD-ROMs, claims 
Lopez, because "there’s so much avail¬ 
able real estate, you can use it in inge¬ 
nious ways.” For instance, a computer 
company using a disc to hold an entire 
bookshelf s worth of operating man¬ 
uals might also devote space to storing 
separate, special-purpose indexes for 
end users, maintenance technicians, 
and software developers. Such versatil¬ 
ity, says Lopez, will make CD-ROMs 
"the information distribution medium 
of the 1990s.” 

That may be wishful thinking, cau¬ 
tions Raymond Freeman, president of 
management consulting firm Freeman 
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and Associates (Santa Barbara, Cal.). 
While forecasting "strong growth” for 
the new medium, he predicts that few¬ 
er than 500,000 optical disc drives will 
be shipped in 1991—a minuscule pro¬ 
portion of the installed base of personal 
computers. Gates, for one, is considera¬ 
bly more optimistic. "Applications like 
commercial catalogues—some of them 
pretty widespread—will be appearing 
in the next few years,” he maintains, 
hinting that Microsoft may have more 
details about such projects than it’s 
willing to publicly share. "We have 
already decided on the applications we 
want to get involved in,” says Gates, 
"and are choosing the partners we 
want to work with.” —Sarah Glazer 

Spire: 

GaAs FROM GAS 

G allium arsenide (GaAs) is increas¬ 
ingly in demand as a semiconduc¬ 
tor material because some of its prop¬ 
erties, such as transmission speed and 
radiation resistance, are far superior 
to those of silicon. But the material is 
expensive and difficult to produce. 
GaAs is made from two relatively rare 
elements and requires extremely deli¬ 
cate processing techniques to create 
uniform crystal structures. Uniformi¬ 
ty is of the utmost importance, espe¬ 
cially if the material is used for com¬ 
plex integrated circuits, since one 
badly placed defect caused by an im¬ 
perfect crystal lattice could disable an 
entire chip. 

Spire (Bedford, Mass.) is one of the 
few companies in the U.S. currently 
selling equipment for the production of 
GaAs wafers. Its machines, priced at 
$150,000-$500,000, are based on a 
technique called metalorganic chemi¬ 
cal vapor deposition (MOCVD), in 
which gases released into a reaction 
chamber form layers of crystals on 
heated wafers. By regulating the gases 
with computer-controlled valves, these 
reactors make it possible to control 
crystal growth quite precisely. And by 
changing the gases used—sometimes 
depositing them in alternating lay¬ 
ers—it is possible to create a wide 
range of crystalline substances, such 
as gallium aluminum arsenide and in¬ 
dium phosphide, with varying chemi¬ 
cal and electrical properties. 

Founded in 1969 as a weapons re¬ 
search contractor, Spire now has 45% 
of the domestic market for MOCVD 
equipment, estimates Steven Ricketts, 
an analyst for VLSI Research (San 


Jose, Cal.). Its customers for reactors 
and processed wafers include IBM, 
Hughes Research, Siemens, and other 
major manufacturers of computers 
and defense equipment. Although on¬ 
ly a handful of competitors (such as 
Crystal Specialties and Emcore) make 
similar machinery, Spire faces stiff 
competition from another direction: 
companies that use alternate technolo¬ 
gies to produce GaAs wafers. 

One of these techniques, molecular 
beam epitaxy (MBE), is quite similar to 
MOCVD in that crystal layers are built 
up on wafer substrates. However, in 
MBE systems, heated streams of ele¬ 
ments controlled by mechanical shut¬ 
ters are directed onto the wafers. MBE 
systems are significantly more expen¬ 
sive because of the complexity of the 
shutter systems. MOCVD reactors, by 
contrast, require more elaborate safety 
equipment, since one of the gases that 
must be prevented from escaping their 
reaction chambers is arsine, the gas¬ 
eous form of arsenic. 

Another competing method, more 
akin to producing conventional silicon 
material, uses furnaces to grow far 
larger GaAs crystals, which can then 
be sliced into individual wafers. Roger 
G. Little, Spire’s president, contends 
that the layering techniques of crystal 
growing, known as epitaxy, result in 
material with fewer defects. Others in 
the industry disagree, however. Tech¬ 
nical advances are making it possible 
to produce extremely uniform crystals 
using the furnace method, says Meh- 
met Rona, a semiconductor analyst for 
Arthur D. Little (Cambridge, Mass.). 
Epitaxy, he believes, will someday be 
used mainly for complex materials 
such as gallium aluminum arsenide 
(GaAlAs). 

Meanwhile, however, Spire is devel¬ 
oping a dual-chamber reactor that 
greatly speeds the production process 
by allowing a fresh batch of wafers to 
be loaded while another is being coat¬ 
ed. The company does not seem con¬ 
cerned that major Japanese makers of 
semiconductor manufacturing equip¬ 
ment have developed their own GaAs 
production machines. The Japanese 
are "playing catch-up” in the develop¬ 
ment of MOCVD equipment, says Lit¬ 
tle. Spire already has projects under 
way for further improvements of its 
own, he says, such as growing uniform 
gallium arsenide crystals on imperfect 
substrates and developing new semi¬ 
conducting materials. Spire hopes pro¬ 
jects like these will keep it a serious 
contender for some time to come. 

—Patricia Hittner 


A defense 
against cancer 
can be cooked up 
in your kitchen. 


There is evidence / 
that diet and cancer A. 
are related. Some vHMHH 

foods may promote 'M&9B 
cancer, while others may^-S^^** 
protect you from it. \ 

Foods related to low- \ 
ering the risk of cancer 
of the larynx and esoph¬ 
agus all have high 
amounts of carotene, a 
form of Vitamin A 
which is in canta¬ 
loupes, peaches, broc¬ 
coli, spinach, all dark 
green leafy vegeta¬ 
bles, sweet potatoes, 
carrots, pumpkin, 
winter squash, and 
tomatoes, citrus fruits and 
brussels sprouts. 

Foods that may help reduce the 
risk of gastrointestinal and respira¬ 
tory tract cancer are cabbage, 
broccoli, brussels sprouts, kohl¬ 
rabi, cauliflower. 

Fruits, vegetables and whole- 
grain cereals such as oat¬ 
meal, bran and wheat 
may help lower the 
risk of colorectal 
cancer. 

Foods high in fats, 
O v jf salt " or nitrite-cured 
WMfgSmm foods such as ham, 
and fish and types of 
sausages smoked by traditional 
methods should be eaten in 
moderation. 

Be moderate in consumption 
of alcohol also. 

A good rule of thumb is cut 
down on fat and don’t be fat. 
Weight reduction 
may lower cancer 
risk. Our 12-year 
study of nearly a 
million Americans 
uncovered high 
cancer risks partic¬ 
ularly among people 
40% or more overweight. N 

Now, more than ever, we 
know you can cook up your 
own defense against cancer. So 
eat healthy and be healthy. 

No one faces 

cancer alone. 

AMERICAN CANCER SOCIETY 
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If you’re like many manufacturers, you auto¬ 
mate work centers one at a time, as the need arises 

Your goal is productivity. And, potentially, 
such “islands of automation” are the answer. 

But if you can’t control the work flow between 
them, they may never achieve their promise. 

For efficient and flexible production in small 
lot sizes, the work pieces, work orders, parts pro¬ 
grams and tooling must all arrive together. And 
that demands data which must be collected from 
every point in the enterprise and then made 
available in a useful form. 

To make that happen, you need Computer 
Integrated Manufacturing (CIM)—the use of the 
computer to coordinate activities from market 
forecasting and engineering through production 
and distribution. 

IBM offers special resources to meet the 
CIM challenge: Host computers that work easily 
with other computers. Communication architec- 








tures that allow elements of 
the system to work together 
reliably. Software that helps a 
plantwide multicomputer system 
respond rapidly to changing plant 
conditions. 

And industrial IBM Personal 
Computers which can be connected to 
the host computer, providing decision 
, support to managers anywhere in the plant. 

If you plan for CIM now, you can automate 
center by center. Later, when you’re ready, you 
can tie these centers together in an integrated 
system to unlock the full productivity of your 
investment in automation. 

To find out more, contact your IBM 
marketing representative. Or for free literature, 
call 1800 IBM-2468, Ext. 95. Or write IBM, 
Department KJ/95-DRM, 400 Parson’s Pond 
Drive, Franklin Lakes, New Jersey, 07417. 



Computer Integrated Manufacturing 


Circle No. 42 on Reader Service Card 






HOW GENERAL MOTORS IMPROVES 
US TOP END PERFORMANCE. 



One of General Motors’ most important suppliers doesn’t make parts. It makes leaders. 

Over the past 19 years all three General Motors Presidents have come from the ranks of a college 
program called Co-operative Education. 

It’s a nationwide program that allows students to alternate studies at the college of their choice with 
paid, practical work experience in the field of their choice. 

For students, Co-op Education is a chance to pick up the most valuable kind of knowledge. For 
employers, it’s a chance to pick up the most valuable land of student If you’d like some information on 
how your company can participate in Co-op Education, write to us at the address below. Who knows, 
you may end up hiring a future company president. It wouldn’t be the first time. 

Cow Education 

You earn a future when you earn a degree. 


For a free booklet write: Co-op Education • P. 0. Box 999 • Boston, MA 02115 
A Public Service of This Publication © 1985 National Commission for Cooperative Education 








Four Tigers of the Orient 

Stalking world 
markets 


A sian high tech action isn’t limited to Japan: 
Four rapidly developing nations in particu- 
I lar—South Korea, Taiwan, Hong Kong, and 
Singapore—hope to expand their roles in 
global markets. Already serving as major 
manufacturing sites for Japanese, American, 
and European companies, the Four Tigers are 
now beginning to design their own products 
j and provide unique services. 

To assess their progress, editors from HIGH 


SOUTH KOREA. 


TECHNOLOGY recently visited these countries. 
They discovered that although styles, assets, 
and problems vary from place to place, all 
four share an intensity of effort and a strong 
commitment to entrepreneurship. As the fol¬ 
lowing reports indicate, these contenders plan I 
to build strong economies based on emerging | 
technologies. Their strategy: to combine their 
own resources with what they’ve learned from | 
overseas. 


TAIWAN. 


SINGAPORE. 


HONG KONG 
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SOUTH KOREA: 

Giants drive development 


S eoul —The parking lots of the huge 
international hotels here are 
jammed these days with brand- 
new Korean-made automobiles, each 
one with a chauffeur who waits patient¬ 
ly while his businessman boss con¬ 
cludes yet another deal with visiting 
executives from overseas. The cars are 
a highly visible sign that South Korea is 
catapulting into the 20th century. No 
longer merely a maker of cheap shirts 
and basic steels, this "land of the morn¬ 
ing calm” is embracing high technology 
in a desperate attempt to become a 
developed nation by the turn of the 
century. "We’ll overtake Britain in less 
than 20 years,” claims Yu Hee Yol, 
director of technology transfer in South 
Korea’s powerful Ministry of Science 
and Technology (MOST). 

South Korea’s recent economic pro¬ 
gress has in fact been remarkable. Thir¬ 
ty years ago the country was still reel¬ 
ing from the effects of a devastating 
war. In 1962 the per capita gross na¬ 
tional product was a mere $80, and the 
World Bank regarded the country as a 
poor prospect for investment. Today the 
per capita gross national product is 
around $2300. That’s still about one- 
eighth the level of the U.S., but Korea’s 
buoyant economy continues to grow by 
more than 7% annually, one of the 
highest rates of any newly industrializ¬ 
ing country. 

Such impressive growth will contin¬ 
ue through Korea’s next five-year plan 
(due to start in 1987), says Yu, and 
much of the growth will be in high tech 
industries. "We intend to concentrate 
on high technology business areas with 
a high return on investment,” he says. 
In particular, the government has tar¬ 
geted microelectronics, telecommuni- 

by Jeffrey Bairstow 


cations, automobiles, pharmaceuticals, 
and new materials as the five most 
important business areas for Korea. 
Given the country’s authoritarian re¬ 
gime, the business community is virtu¬ 
ally certain to follow. 

Indeed, Korean business is dominat¬ 
ed by some five giant conglomerates, 
called chaebols —Daewoo, Hyundai, 
Lucky-Goldstar, Samsung, and Sun- 
kyong—with close economic ties to the 
government. They have total sales of 
close to $50 billion, or more than half 
the country’s GNP, and employ nearly 
half a million people. They manufac¬ 
ture everything from steel, machine 
tools, chemicals, and textiles to such 
high technology products as televisions, 
videocassette recorders, personal com¬ 
puters, semiconductors, and telephone 
equipment. The chaebols, like Japan’s 
massive trading houses, are also active 
in insurance, banking, securities, and 
even tourism. Unlike the U.S., Korea 
has virtually no antitrust regulations 
that could limit the chaebols’ opera¬ 
tions; in fact, their relationship with 
the government and easy access to capi¬ 
tal funding often enable them to be the 
first among Korean companies to enter 
new markets, as Goldstar has done with 
televisions and VCRs and Daewoo with 
telecommunications. The chief execu¬ 
tives of the chaebols meet regularly 
with government ministers and other 
officials to discuss the country’s eco¬ 
nomic goals. In return, the government 
ensures that capital loans are available 
from the Korea Development Bank (a 
government agency) for new ventures 
by the chaebols. 

To speed its transition to high tech¬ 
nology from a dependence on basic in¬ 
dustries—for example, steel, shipbuild¬ 
ing and textiles, which continue to be 
very important for Korea—the country 


has a consuming need both for sophisti¬ 
cated technologies, such as semiconduc¬ 
tors and bioengineering, and for experi¬ 
enced technologists and support staff. 
"We know that we do not possess the 
resources to develop our own technolo¬ 
gies in all the selected areas,” says 
MOST’s Yu. "So we must import the 
necessary technologies from Japan, the 
U.S., or Western Europe.” 

Korea’s neighbor Japan continues to 
be the most important source of tech¬ 
nology licenses for Korean business— 
more than 1500 agreements in the last 
decade. However, Japan is becoming 
concerned about a "boomerang effect” 
and is increasingly reluctant to trans¬ 
fer new technology, particularly in con¬ 
sumer electronics such as VCRs and 
compact disc players. As Japanese busi¬ 
nessmen see Korean companies start¬ 
ing to compete directly, they have be¬ 
gun to withhold technology agree¬ 
ments, forcing Korean companies to 
buy components from Japan rather 
than the technology to make the com¬ 
ponents themselves. 

Indeed, there can be little doubt that 
the Koreans do intend to compete head- 
on with the Japanese in high technolo¬ 
gy products. "With U.S. technology and 
our low-cost, hard-working labor,” says 
Yu, "we could beat the pants off the 
Japanese.” Already, the recent rise of 
the yen is allowing Korean manufac¬ 
turers to undercut the Japanese in 
some world markets. Hyundai has be¬ 
come the leading auto importer in Can¬ 
ada and is beginning to develop mar¬ 
kets in the United States. Daewoo 
recently concluded an agreement with 
General Motors to make a small car for 
Pontiac. Kia Motors has agreements 
with Ford and Mazda to make a "world 
car” for possible export to the United 
States. The Korea Development Bank 
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estimates 1986 exports of automobiles 
will reach $1.25 billion, about twice the 
value of 1985 exports. 

The Koreans are also looking toward 
Europe for badly needed technology 
transfers; recently, President Chun Doo 
Hwan visited England, France, West 
Germany, and Belgium to discuss tech¬ 
nology cooperation. 

In a much smaller way, Korea hopes 


to export its own technology as well. 
The Korea Advanced Institute of Sci¬ 
ence and Technology (KAIST) and 
Poongsan Metal Co. have licensed a 
new material they recently devel¬ 
oped—a copper alloy for integrated cir¬ 
cuit leads—to West Germany’s Stoll- 
berger Metallwerke. KAIST and Kolon 
Chemicals have obtained overseas pat¬ 
ents for a novel method of making ara- 


Top: “We intend to concentrate on high 
technology businesses with a high return 
on investment.”—Yu Hee Yol, director of 
technology transfer, Ministry of Science 
and Technology. Bottom: “Korea hopes 
to produce 12,000 graduate engineers 
and scientists a year by the turn of the 
century.”—Lee Chong-Ouk, head of tech- 
noeconomic research, Korea Advanced 
Institute of Science and Technology. 
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other large uni¬ 
versities. But the 
recent growth in 
the Korean econ¬ 
omy has encour¬ 
aged many bright 
and experienced 
nationals to re¬ 
turn home, where 
the salaries are 
smaller but the 
challenges are of¬ 
ten greater. Choi 
Min-Sung, a for¬ 
mer IBM staff en¬ 
gineer, returned 
to Korea in 1984 
to become direc¬ 
tor of Goldstar 
Semiconductor’s 
research labora¬ 
tories. He was put 
in charge of set¬ 
ting up a fabrica¬ 
tion line that ini¬ 
tially produced 
64k random-access memories and is 
currently producing 256k units. "It 
would have taken many years to get 
that much responsibility at IBM,” notes 
Choi. His responsibilities may soon in¬ 
crease even further: Goldstar recently 
signed an agreement with Advanced 
Micro Devices (Sunnyvale, Cal.) to de¬ 
velop and make 1-megabit memory 
chips. 

Park Sung-Kyou returned to Korea 
in 1978 armed with degrees in electrical 
engineering from MIT, Northeastern, 
and the University of Texas. Today, at 
46, he is executive vice-president of 
Daewoo’s Telecom subsidiary, a tele¬ 
phone and computer equipment maker 
that has boomed from $3.5 million in 
sales in 1980 to more than $150 million 
(estimated) this year. "Yes, there are 
salary differences and six-day work 
weeks,” he says, "but the challenges of 
handling a company of this size—with 
both a growing domestic market and a 
highly competitive export market—are 
more than I ever dreamed of in the 
U.S.” Park was responsible for the de¬ 
velopment of the IBM-compatible com¬ 
puter that is marketed in the U.S. as 
the Leading Edge series. 

Park, who has started numerous in- 
house training programs, also makes 
several trips a year to the U.S. to recruit 
Korean computer and telecommunica¬ 
tions engineers. But his frequent over¬ 
seas trips often have a more immediate 
purpose: to buy or license technology. 
"We have agreements with both Japa¬ 
nese and U.S. companies—Fujitsu and 
Sanyo for computers and peripher¬ 
als, Northern Telecom and General 
Datacomm for communications equip¬ 
ment—and are discussing similar 
agreements with European manufac- 


Right: “The chal¬ 
lenge of handling a 
booming $150 million 
company are more 
than I ever dreamed 
of in the U.S.”—Park 
Sung-Kyou, executive 
vice-president, 
Daewoo Telecom. 
Below: From the cap- 
itol building in the 
heart of downtown 
Seoul, Korea’s pow¬ 
erful ministries pur¬ 
sue a five-year plan 
that pushes the 
country's giant cor¬ 
porations to invest 
further in high 
technology. 


mid pulp (a synthetic substitute for as¬ 
bestos) and expect to announce license 
agreements shortly. 

KAIST, a government- and industry- 
funded research center and a graduate 
school for scientists, has strong re¬ 
search programs in chemical engineer¬ 
ing, semiconductor materials, ceram¬ 
ics, CAD/CAM, robotics, and nuclear 
engineering. Although its main func¬ 
tions are to train researchers and trans¬ 
fer appropriate technology to Korean 
companies, it has a technology assess¬ 
ment group that actively promotes Ko¬ 
rean technology overseas, mainly in 
Southeast Asia. 

Last year, KAIST produced 500 post¬ 
baccalaureate scientists and engineers 
(most with master’s degrees). Another 
1000 technical graduate degrees were 
granted by Korean universities. But 
Korea needs to produce many more 


skilled scientists and engineers to com¬ 
plement its labor force if the country is 
to make progress on its own in high tech 
industries. "Today we have maybe 
eight research and development work¬ 
ers per 10,000 employees,” says Lee 
Chong-Ouk, head of KAIST’s technoe- 
conomic research group. "Our goal is to 
have 30 per 10,000 by the year 2000”— 
comparable to other developed nations. 
Recognizing the acute shortage of quali¬ 
fied people, the government is funding 
an ambitious program to produce 
12,000 graduate engineers and scien¬ 
tists a year by the turn of the century. 
"Even so, we’ll need another 3000 an¬ 
nually from overseas,” says Lee. 

Until a few years ago, the traffic in 
Korean scientists and engineers was all 
one-way, mostly to the U.S., where 
many stayed after completing ad¬ 
vanced degrees at MIT, Stanford, and 
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TALLYING THE TIGERS 


KEY ECONOMIC INDICATORS, 1985 

S. Korea 

Taiwan 

Hong Kong 

Singapore 

Area (sq. mi.) 

41,176 

13,814 

404 

239 

Population (millions) 

41.1 

19.2 

5.4 

2.6 

GNP ($ millions ) 1 

83,075 

60,078 

34,100 

17,731 

Per capita GNP ($) 

2,032 

3,142 

6,285 

6,519 

Unemployment 

4.0% 

2.9% 

3.2% 

4.9% 

Industrial production change 2 

4.4% 

1.2% 

6.0% 

-7.8% 

Consumer price index change 

2.5% 

-0.2% 

3.2% 

0.7% 

Exports ($ millions) 

30,283 

30,717 

30,183 

22,806 

Export change 2 

3.5% 

0.9% 

6.6% 

-2.3% 

Exports to U.S. ($ millions) 

10,754 

14,770 

7,404 

4,826 

Imports ($ millions) 

31,136 

20,107 

29,704 

26,278 

Import change 2 

1.6% 

-8.4% 

3.6% 

-5.4% 

Imports from U.S. ($ millions) 

6,489 

4,747 

2,810 

3,988 

Balance of trade 

-853 

10,610 

479 

-3,472 

Prime rate 

11.4% 

7.1% 

8.3% 

7.2% 


1 AII monetary figures given in U.S. dollars. 2 Changesare relative to 1984. Source: International Trade Administration, U.S. Dept, of Commerce 


turers,” he says. "About half our prod¬ 
ucts are made under license today, and 
we expect that proportion to stay the 
same for a long time.” 

Nonetheless, Daewoo Telecom is 
plowing back 10% of its revenues into 
research and development, with partic¬ 
ular emphasis on fiber optics and per¬ 
sonal computers. That percentage ex¬ 
ceeds the rate of R&D spending among 
many high technology companies in the 
United States. Similarly, Samsung 
Electronics Co. (SEC), Korea’s largest 
electronics exporter, is increasing its 
R&D investment to 9% of sales, or close 
to $200 million, according to president 
Han Hyung So. 

At present, about 85% of SEC’s reve¬ 
nues are derived from consumer elec¬ 
tronics goods sold mainly under other 
brand names, but Han intends to make 
the Samsung name as well known in 
consumer electronics as Sony. Al¬ 
though many Korean companies began 
by manufacturing for well-known U.S. 
companies, such as Sears Roebuck, ex¬ 
ecutives like Han believes their prod¬ 
ucts can now stand on their own and 
match Japanese products in both price 
and quality. Already, SEC manufac¬ 
tures television sets and microwave ov¬ 
ens under the Samsung name in the 
U.S (Saddlebrook, N.J.) and in Europe 
(Estoril, Portugal). 

But South Korea is not without its 
problems. Most fundamental is the 
country’s unpredictable enemy to the 
north—the communist nation of North 
Korea, with the world’s seventh largest 
army (more than 800,000 strong in 
1984). Although South Korea devotes 
some 6% of its GNP to national defense 
and the United States still maintains a 
considerable presence, many South Ko¬ 


reans still fear invasion. 

Military concerns aside, as South Ko¬ 
rean goods find their way into more 
export markets, a possible rise in pro¬ 
tectionism in the developed nations 
could slow the country’s rapid growth. 
And South Korea’s political climate is 
already showing signs of instability. 
Student and labor activists stage fre¬ 
quent and sometimes violent demon¬ 
strations in Seoul and have threatened 
"urban and guerrilla warfare” if full 
democracy is not instituted by 1988. 
There are some indications, according 
to Korean political observers, that Pres¬ 
ident Chun’s ruling Democratic Justice 
Party is prepared to amend South Ko¬ 
rea’s authoritarian constitution and 
permit limited elections before the end 
of his term in 1988. Many experts feel 
that the 1988 Summer Olympics, to be 
held in Seoul, will provide a consider¬ 
able incentive for the government to 
show the country to be stable and 
healthy, both economically and po¬ 
litically. 

South Korea is also carrying a huge 
burden in foreign debt: $47 billion. 
However, Hong Kong banking analysts 
expect Korea’s overseas credit needs 
will level off at $50 billion. In June the 
Korea Development Bank (KDB) unex¬ 
pectedly decided to postpone taking out 
a $500 million loan in order to wait for 
more favorable interest rates. Shortly 
thereafter, officials began to predict an 
overall trade surplus for 1986, the first 
in South Korea’s history. Exports were 
up as much as 20% for the first six 
months of 1986 and may show an in¬ 
crease of 25% (over 1985) by year’s end, 
say KDB officials. If Korea can maintain 
a favorable balance of trade, the na¬ 
tion’s borrowing requirements will de¬ 


cline and foreign lenders will offer bet¬ 
ter rates. 

The KDB has long been a major fi¬ 
nancing arm for the chaebols, ensuring 
that the giant companies had funds for 
developing businesses in line with gov¬ 
ernment priorities. And in response to 
the government’s recent recognition 
that smaller companies have an impor¬ 
tant role to play in developing high 
technology industries, the KDB has 
formed a new subsidiary, the Korea 
Technology Finance Corp., to provide 
venture capital loans to small and me¬ 
dium-size businesses. The new agency 
complements the Korea Technology 
Development Corp. (KTD), a joint indus- 
try-government institution that not 
only provides financing to high tech 
start-ups but also offers technical and 
administrative advice and, most impor¬ 
tant in South Korea, assistance in deal¬ 
ing with government agencies. More 
than 50 new companies have been 
formed with KTD’s help, says Kim 
Chang-Dal, president of the agency. 
Most of these new companies are ex¬ 
pected to develop technologies them¬ 
selves rather than license them from 
overseas. 

South Korean businessmen and gov¬ 
ernment officials admit that the coun¬ 
try still has a long way to go in its- 
efforts to catch up with the developed 
nations. But the country appears ready 
to make the effort. In a recent speech, 
Daewoo founder and chairman Kim 
Woo-Choong contrasted the great 
strides made by Korea in the last two 
decades with the accumulated technol¬ 
ogy of the industrialized nations: "If our 
level of diligence only matches that of 
people in the West, we will never catch 
up. So we must work harder.” □ 
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TAIWAN: 



to innovation 


T aipei —Taiwan rode to its present 
state of prosperity on the backs of 
an inexpensive and largely un¬ 
skilled work force. Exports of textiles, 
shoes, wigs, plastic flowers, and count¬ 
less dime-store trinkets have paid off 
handsomely, at least by East Asian 
standards. But the country (which still 
tenaciously calls itself the Republic of 
China despite that name’s almost total 
lack of diplomatic recognition) is find¬ 
ing itself unable to compete on the basis 
of cheap labor alone. Hungrier neigh¬ 
bors, such as the Philippines, Malaysia, 
and archenemy mainland China, offer 
lower manufacturing costs, and jobs mi¬ 
grate inexorably to the lowest bidder. 

In response, Taiwan is attempting to 
forge a new economy based on ad¬ 
vanced technology—with local compa¬ 
nies beginning to design, produce, and 
market their own proprietary products 
rather than manufacturing somebody 
else’s. Taiwan plans to exploit assets it 
accrued during its years as a manufac¬ 
turing colony of the United States and 
Japan. Principal among them is the 
country’s ability to produce large quan¬ 
tities of high technology staples like 
transistors, printed circuit boards, and 
computer terminals; the local abun¬ 
dance of such hardware has permitted 
rapid and low-cost production of a vast 
array of electronic goods. But now "it’s 
crucial that the country get out of the 
responsive mode and start controlling 
its own destiny,” says Jerry Wasser- 
man, a vice-president at Arthur D. Lit¬ 
tle (Cambridge, Mass.), the consulting 
firm hired to guide the Taiwan govern- 
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ment through its industrial upgrade. 

The showcase of Taiwan’s new policy 
is the Science-Based Industrial Park, 
opened in 1980 under the direction of 
the National Science Council. Located 
in Hsinchu, about an hour’s drive from 
Taipei, the park offers inexpensive fac¬ 
tory space, proximity to two strong 
technical universities (Tsinghua and 
Chiaotung) as well as to a national labo¬ 
ratory, and spacious surroundings that 
contrast dramatically with Taipei’s 
cramped, motorcycle-clogged streets. 
As of July, 53 companies were operat¬ 
ing in the park, and another 13 had 
been approved for admission. 

A would-be park tenant must satisfy 
several criteria. Probably most impor¬ 
tant, the company must do R&D, rather 
than merely manufacturing products 
to other firms’ specifications—or, worse 
yet, making counterfeit goods from sto¬ 
len designs. While government officials 
acknowledge Taiwan’s reputation as 
"counterfeiter’s heaven,” they ada¬ 
mantly assert that Hsinchu represents 
a step toward technological indepen¬ 
dence. "At this park, by God, everybody 
does their own thing,” says Choh H. Li, 
director general of the complex. "There 
are no pirates here.” 

Government laboratories are throw¬ 
ing their resources into product innova¬ 
tion, long a weakness in Taiwan. The 
12-year-old Electronics Research and 
Service Organization (ERSO), for exam¬ 
ple, employs some 800 engineers to de¬ 
sign and fabricate integrated circuits. 
ERSO chips have found their way into 
products ranging from Timex watches 
to BMW automobiles. ERSO also makes 
circuits for several U.S. chip vendors, 


including Mosel (Sunnyvale, Cal.), Qua- 
sel (Sunnyvale), and Vitelic (San Jose, 
Cal.). Although ERSO stamps out 7-8 
million ICs a month, selling the chips is 
not the main goal, explains Albert 
Huang, marketing manager for IC oper¬ 
ations. Rather, he says, "we want to 
show our private industry that the IC 
can make money.” 

So far only one Taiwan company, 
United Microelectronics Corp. (UMC), 
has taken ERSO’s demonstration to 
heart. One of the Hsinchu park’s first 
tenants, UMC got its start by making 
integrated circuits with designs li¬ 
censed from ERSO. UMC remains Tai¬ 
wan’s only commercial IC manufactur¬ 
er, deriving 85% of its revenue from 
sales of proprietary products—princi¬ 
pally memories for telephone dialers 
and melody chips for greeting cards and 
other musical novelties. UMC will bring 
out 50 new products in 1986, according 
to Robert H. C. Tsao, the company’s 
founder and president. Like ERSO, UMC 
also sells its wafer fabrication services 
to foreign companies. 

Although exports have been the 
mainstay of Taiwan’s sizzling economy, 
the country now sees more than poten¬ 
tial markets when it looks overseas. 
Some 50,000 nationals who sought edu¬ 
cation or jobs outside the country 
(mainly in the U.S.) have not returned. 
Thus, coaxing these expatriates back to 
apply their technical and managerial 
skills in their homeland is a central 
pillar of Taiwan’s technology strategy. 
"We call them CEOs,” says Li: "Chinese 
entrepreneurs from overseas.” 

The response has not been over¬ 
whelming. One reason is that technical 
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professionals earn salaries many times 
higher in the U.S. than in Taiwan, 
where an electrical engineer brings in 
about $400 a month, a data-processing 
manager $1000 a month. Another is the 
government’s decision not to offer large 
financial incentives to returning Chi¬ 
nese. "We don’t want them to be in a 
different social class from their col¬ 
leagues who have stayed in the coun¬ 
try,” explains Wang Chi-Wu, vice- 
chairman of the National Science 
Council. Such a distinction, says Wang, 
would mean "less mixing and hence 
less cross-fertilization of ideas.” 

Compounding the talent-pool prob¬ 
lem is the country’s dearth of educa¬ 
tional facilities. There are far more 
willing applicants than there are slots 
in the country’s institutes of higher 
learning. Only a third of graduating 
high school students can fit through the 
"narrow door” of the country’s univer¬ 
sities, says Wang. And added capacity 
will come slowly; even in a decade or 
two, the universities will have room for 
only 40% of high school graduates. 

While Chinese engineers have hardly 
stampeded back to the island, there are 
some success stories. More than 70% of 
the companies in the Hsinchu park, for 
example, owe their start to the return 


of the native. A case in point is Micro¬ 
electronics Technology, formed three 
years ago by engineers who left behind 
careers at large American electronics 
companies. The Hsinchu company, 
which makes microwave circuits for 
satellite communications, now ships 
10,000 units a month, according to Pat¬ 
rick H. Wang, its Stanford-educated 
president. Asked why he returned after 
17 years at Hewlett-Packard, Wang re¬ 
plies: "To come home.” But he goes on 
to cite the low cost of engineers and 


other skilled labor compared with Sili¬ 
con Valley’s high-priced talent. 

Another Hsinchu company, Tecom, 
was started by a 10-year veteran of Bell 
Labs, C-K Liu. Tecom makes an elec¬ 
tronic telephone that it exports under 
its own name as well as other brands, 
such as Radio Shack. On the domestic 
front, the company is taking on such 
giants as AT&T, ITT, and NEC in its 
marketing of digital transmission 
equipment for telephone trunk lines. 

Taiwan’s promise and pitfalls spring 








from some basic characteristics of the 
country’s economy and culture. The 
Chinese put a high value on education, 
resulting in a well-schooled populace. 
Of particular benefit to foreigners is the 
ability of businesspeople at all levels to 
speak English fluently. (The older ones 
also speak Japanese, a vestige of the 50- 
year occupation that ended with World 
War II.) Perhaps the next most cher¬ 
ished virtue after education is thrift; 
the national savings rate of about 33% 
creates a large pool of available capital. 

The Chinese are also entrepreneurs. 


In sharp contrast to conglomerate-dom¬ 
inated Japan and Korea, there are 
some 38,000 independent companies 
doing business in Taiwan. Almost all 
are small outfits owned and run by 
members of a single extended family. 
"You can predict the number of execu¬ 
tives in a Chinese company by counting 
the founder’s sons and sons-in-law,” 
notes Arthur D. Little’s Wasserman. 

Unencumbered by bureaucracy, 
these nimble firms move quickly in en¬ 
gineering a new product and bringing it 
to market. It typically takes only three 


to six months for a Taiwan company to 
bring out a new computer terminal, a 
project known to take a year elsewhere. 
But some officials worry that the insu¬ 
larity of Taiwan’s businesses may im¬ 
pede the country’s march toward ad¬ 
vanced technology. "It’s unhealthy to 
keep a company in the family,” says the 
National Science Council’s Wang, be¬ 
cause such inbreeding can stifle 
innovation. 

Moreover, these small companies 
may lack sufficient resources to become 
serious competitors in world markets. 
Multitech, Taiwan’s largest maker of 
microcomputers, has sales of only about 
$200 million. "There’s no way a compa¬ 
ny that small can muster the capital to 
compete with, say, Samsung,” declares 
Wasserman. 

The government, though, is offering 
a helping hand. With enormous annual 
trade surpluses swelling Taiwan’s for¬ 
eign exchange reserve to $26 billion, 
the country can afford generous incen¬ 
tives. "The government has a lot of 
money,” says Hsinchu park director 
Li—"more money than requests for it.” 
To aid in establishing new companies, 
for example, the government will pur¬ 
chase up to 49% of any start-up that is 
targeting a strategic technology, such 
as microcomputers or telecommunica¬ 
tions. The entrepreneurs can get a head 
start on equity, too, because the govern¬ 
ment grants them up to 25% ownership 
on the basis of their technological 
know-how alone. Thus the entrepre¬ 
neur often need come up with only 26% 
in cash to control the company. 

The favors don’t end there. Compa¬ 
nies are exempted from paying tariffs 
on equipment that is imported to manu¬ 
facture any product appearing on the 
government’s select list; such tariffs 
typically run 10-20%. Once production 
begins, the company can choose any 
five consecutive years during which its 
profits will not be taxed, and the maxi¬ 
mum rate for high tech products is 22% 
(versus 35% in other industries). Other 
incentives include low-interest loans 
(two points below the prevailing rate) 
and a tax credit equal to one-fifth of a 
company’s R&D expenditures. The lat¬ 
ter aims to boost the portion of Tai¬ 
wan’s gross national product that goes 
to R&D from its present value of 0.9% to 
2% over the next five years, according 
to Li. 

Taiwan is not above using the blunt 
tool of protectionism to spur local tech¬ 
nology development. Importation of 
videocassette recorders, for example, 
has been totally banned since 1983. The 
embargo has worked, after a fashion; 
several Taiwan companies have devel¬ 
oped VCRs that are now marketed local¬ 
ly. But the units are not popular, ac¬ 
cording to Wan-An Yeh, vice-chairman 
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much an underdeveloped, third world 
nation. In Taipei, motorcycles swarm 
the streets, pouring noise and fumes 
into the muggy air, recalling TV images 
of wartime Saigon. Prostitution flour¬ 
ishes openly within a block of swank 
Western hotels, and foreign visitors are 
advised not to drink the water or eat the 
produce. 

Of course, progress is relative. Ten 
years ago the city contained rice pad¬ 
dies and open sewers. As for what the 
coming decade will bring, Hsinchu park 
director Li gestures proudly out his 
window to the modern office and fac¬ 
tory buildings sitting amid serene sub¬ 
urban lawns. "This,” he asserts, "is the 
cradle of the future Taiwan.” □ 


of the Council for Economic Planning 
and Development (CEPD). "People here 
lack confidence in the quality of a Tai¬ 
wan-made product,” he says, and in¬ 
stead buy machines smuggled from Ja¬ 
pan. Yeh believes that such doubts will 
recede with time, as manufacturers 
gain experience with new products; he 
points out that native companies do a 
brisk business in locally made color 
televisions—a product that Taiwan fac¬ 
tories have mass-produced for 20 years. 

Taiwan’s attempt to steer its econo¬ 
my onto a new course has been compli¬ 
cated by the Chinese tendency toward 
freethinking, in contrast to the Japa¬ 
nese consensus mentality. Uncertainty 
reigns, for example, concerning which 
technologies are officially sanctioned as 
strategic. The Industrial Development 


Erickson, director of manufacturing at 
XO Industries (Mountain View, Cal.), 
which has contracted production of its 
electronic fluorescent-light ballasts to 
Taiwan factories. Erickson, who says he 
has worked with several Taiwan manu¬ 
facturing operations while at XO and at 
his previous employer, ACS Communi¬ 
cations (Scotts Valley, Cal.), claims that 
"the people in Taiwan are constantly 
substituting inferior plastics for the 
ones we specify.” 

Foreign companies using Taiwan fac¬ 
tories have faced another worry—that 
their design may be illegally copied. 
The distressing frequency of such pira¬ 
cy finally forced the government to get 
tough; since 1983, companies found to 
be manufacturing counterfeit goods 
have had their export licenses revoked. 
The crackdown seems to have worked: 
in 1982, according to U.S. Customs, 
more than half of all counterfeit prod¬ 
ucts brought into this country were 
made in Taiwan; that figure declined to 
20% the following year, and plummet¬ 
ed to a little over 2% by 1984. 

Even if it manages to overcome the 
stigmas of piracy and poor workman¬ 
ship, Taiwan clearly has a long way to 
go to achieve its intended technological 
transformation. Most of the country is 
still farming, making shoes, or serving 
as a short-order factory to foreign com¬ 
panies, and Hsinchu is so far its only 
technopolis. 

In many respects, Taiwan is still very 


ment is therefore trying to genetically 
engineer a substitute. In addition to 
improving the population’s health, the 
vaccine project is viewed as a way to 
enlist public support for technology. 
"It’s a gimmick,” says Wang, "a way to 
show that science can do something 
useful.” 

One sector that will need no convinc¬ 
ing on that score is the military. About 
half the country’s R&D spending goes 
toward defense, a reflection of Taiwan’s 
almost four-decade fear of communist 
takeover. (The same worry has kept the 
island under martial law ever since 
1949.) If this allocation bothers civilian 
leaders, they don’t let on. "Give the 
military whatever they want; they’re 
our life and death,” says Wang. 

Nevertheless, hefty defense budgets 


Bureau lists some 150 products, but 
every agency seems to have its own 
preferred subset. "There are at least 
five or six different lists floating around 
the government,” admits CEPD’s Yeh. 
"Even the staffs are confused.” 

CEPD’s own list seems to summarize 
the government’s priorities: informa¬ 
tion processing (including computers 
and telecommunications), precision 
machinery for factory automation, ma¬ 
terials science (especially silicon and 
gallium arsenide for electronics produc¬ 
tion), biotechnology, energy, and opto¬ 
electronics. There is also one uniquely 
Chinese goal: control of liver ailments. 

"Hepatitis is our national disease,” 
explains the Science Council’s Wang. 
The carrier rate among Chinese people 
is 10-12%, making it 100 times as prev¬ 
alent as in the United States. The vac¬ 
cine now administered to newborns is 
based on blood plasma, which entails 
the risk of contamination by blood-car¬ 
ried diseases such as AIDS. The govern¬ 


strain the country’s 
technological re¬ 
sources. The situa¬ 
tion is even more 
acute than it at 
first appears, be¬ 
cause unlike the 
U.S., Taiwan has not developed a mili¬ 
tary-industrial complex. War-making 
hardware such as rockets and fighter 
planes are built by the government 
rather than contracted to private busi¬ 
nesses. As a result, commercial spin¬ 
offs are rare. 

Another problem in Taiwan’s trans¬ 
formation is that even though its engi¬ 
neers are widely admired—"I give a 
company that I’m considering investing 
in a plus mark if their engineers come 
from Taiwan or Israel,” says San Jose 
venture capitalist Robert Chappell—it 
has a reputation for poor quality 
control. 

"Compared to Korea, Taiwan makes 
substandard products,” asserts Gary 


Far left: National 
lab develops 
machines for 
factory automation, 
considered a stra¬ 
tegic technology. 
Inset: Multitech’s 
Chinese display 
spurs local 
computer use. 


HIGH TECHNOLOGY/NOV 1986 













HONG KONG: 

The Chinese connection 


K owloon —In 1997 the bustling sea¬ 
port of Hong Kong, along with 
Kowloon and the New Territories 
peninsula across the harbor, will revert 
from British to Chinese rule as a 99- 
year lease runs out. 

Many had expected this hotbed of 
entrepreneurialism to cool down once 
British officials inked the 1984 agree¬ 
ment that would return it to the Chi¬ 
nese. But from an outcrop near Victoria 
Peak one could recently count 38 ships 
anchored in the harbor, feeding goods 
in and out of the second busiest contain- 
erport in the world. (Rotterdam is first; 
Hong Kong passed New York last year.) 
A new town of high-rises was being 
built on landfill below, and active con¬ 
struction could be seen over in the New 
Territories. 

Meanwhile, industrial areas have 
sprung up in China just over the border 
from the New Territories and Macao, a 
nearby Portuguese colony that will also 
become Chinese territory in 1997. La¬ 
bor-intensive manufacturing is being 
directed in these Chinese sectors main¬ 
ly by skilled managers who cross the 
borders daily using photo identity cards 
similar to U.S. drivers’ licenses. Chi¬ 
nese officials recognize that their na¬ 
tion lacks management talent in a gen¬ 
eration suffering from the effects of 
Chairman Mao’s Cultural Revolution 
(when university students and profes¬ 
sionals were sent to the fields to work). 

Hong Kong’s forte in the recent past 
has been the ability to quickly jump 
into fad markets, from calculators and 
video games to Cabbage Patch dolls and 
Transformers (plastic toys that can be 
converted from cars or planes to robots 
by twisting pieces), and crank out prod¬ 
ucts by the millions. 

by Robert Haavind 


But much of this activity was 
spawned by multinational corpora¬ 
tions. Government support and nurtur¬ 
ing of industries, so prevalent in Asian 
countries like South Korea, Taiwan, 
and Singapore, is totally absent in 
Hong Kong. "If a company gets in trou¬ 
ble here, it fails. We don’t help anyone,” 
states Andrew Simpson of the Hong 
Kong Trade Development Council. One 
result of the government’s laissez-faire 
stance is a tax rate low enough to at¬ 
tract many companies: 18.5% maxi¬ 
mum for businesses and 16.5% for 
individuals. 

Even though the Hong Kong govern¬ 
ment does not get involved with individ¬ 
ual industries, a study of how it might 
help industry in broader ways was 
launched after a recent business down¬ 
turn, explains A. G. Eason, deputy di¬ 
rector of industry for the Hong Kong 
government’s Industry Department. 
One way the government will help, ac¬ 
cording to Alice Lai, assistant director 
for industry support, will be to do fore¬ 
casts of markets and industries in tar¬ 
get countries. An example might be a 
study of the changing tastes in appli¬ 
ances in the U.S. and Europe. Courses 
of study at local universities might also 
be tuned to projections of future busi¬ 
ness directions for Hong Kong. 

Government is also urging industry 
to move toward advanced automation 
and precision manufacturing. For ex¬ 
ample, a new Hong Kong Standards 
and Calibration Laboratory is being set 
up and accredited by the British stan¬ 
dards organization, and manufacturers 
will be encouraged to put in calibration 
facilities of their own as well. 

Computer-aided design and comput¬ 
er-aided manufacturing are areas that 
many feel will become important to 
Hong Kong. With computer networks 


and powerful design software, integrat¬ 
ed circuits and mechanical parts could 
be designed anywhere in the world, 
according to Victor Fung, managing 
director of Li & Fung Ltd., an invest¬ 
ment and trading firm. In particular, 
he notes, more skilled work might be 
done in Hong Kong, with less advanced 
design being assigned to China. Al¬ 
ready, considerable software work is 
being contracted by China, where 
wages are five times less than Hong 
Kong’s, according to Donald Taylor, 
technical director of the Productivity 
Council, while systems analysis is being 
done in Hong Kong. 

The colony’s businesspeople believe 
that China will discover great syner¬ 
gism in working with the skilled, entre¬ 
preneurial people of Hong Kong. 
What’s more, their long-time ties to 
China give them an exceptional under¬ 
standing of the Chinese system. They 
see their region as providing a vital link 
between the Western world and the 
awakening giant at their doorstep. 

For example, the Chinese plants 
springing up at the borders with Hong 
Kong’s New Territories and nearby Ma¬ 
cao may be harbingers of the future. 
Techno-Ventures (Hong Kong) Ltd. is a 
new investment firm that plans to ex¬ 
tend the "twin-factory” concept as Chi¬ 
na emerges as a major force in global 
trade. According to Fung, who is chair¬ 
man of the investment group, a proto¬ 
type factory can be built in Hong Kong. 
Then, once the plant is operating effi¬ 
ciently, a larger version can be set up in 
China. Using Hong Kong as a staging 
area will allow a firm that wishes to get 
into the Chinese market to build an 
infrastructure first, explains Fung, 
with the engineering talent, communi¬ 
cations, banking facilities, and other 
elements needed to support it within 
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Services, often based on technology, will be Hong Kong’s great¬ 
est future strength, says Donald Taylor (left), of the Productivity 
Council. John Goudey (above), head of the American Chamber of 
Commerce, says Americans now outnumber British in Hong Kong 
(15,000 to 14,900), mainly because of emerging China trade. 


Hong Kong continues to attract invest¬ 
ment, such as the new Techno-Ventures 
fund, headed by Victor Fung (left), which 
will finance prototype factories in Hong 
Kong to serve as models for sister 
plants in China. Meanwhile, automation 
is moving into industries such as injec¬ 
tion-molded plastics (Design Futures Toy 
Co. assembly line, below left) and gar¬ 
ment making (Fang Brothers automated 
knitting machines, below). 























vices than in manufacturing, predicts 
Taylor of the Productivity Council. 

As automation is mastered by Japan, 
the U.S., and European nations, Taylor 
sees much manufacturing returning to 
those nations to be closer to their mar¬ 
ketplaces, thereby allowing smaller- 
scale production, more customization, 
and faster turnaround. He sees Hong 
Kong concentrating on being a trading 
center, with high tech buildings and 
advanced systems for communications, 
financial transactions, and other ser¬ 
vices. He believes it will serve as a 
gateway to southern and central China, 
with activity centered in Canton and 
Shanghai. In contrast, Japan is more 
active in Northern China, where Bei¬ 
jing is located. 

Even though Hong Kong’s future 
may not be as a manufacturing center, 
the strengths it does have should prove 
vital as links to China are reinforced. 
These strengths lie in three industry 
sectors: injection-molded plastics, gar¬ 
ments, and electronic assembly. More 
advanced manufacturing technology is 
beginning to move into each of these 
areas, a trend that will make collabora¬ 
tive efforts even more attractive to the 
Chinese. 

The lack of physical space has made 
Hong Kong the home of the vertical 
factory, and many cramped facilities 
still use rudimentary labor-intensive 
production methods. But Hong Kong 
labor rates have been rising. They are 
now more than three times those in 
Malaysia, according to John Goudey, 
executive director of the American 
Chamber of Commerce. Thus manufac¬ 
turers are turning to automation to 
boost productivity. 

One way Hong Kong companies are 
upgrading technology is through part¬ 
nerships with overseas manufacturers. 
A good example is Nyprochen, set up 
jointly by Chen Hsong in Hong Kong 
and Nypro, a Clinton, Mass., plastics 
manufacturer. In its New Territories 
plant, which turns out about 300,000 
injection-molded plastic pieces a day, 
an IBM PC/AT monitors operations, and 
all machines are robotized for loading. 
Dyed material is sent from drying silos 
to machines through overhead pneu¬ 
matic tubes with electronic switches 
that guide materials to the proper 
workstations. According to Ngai Chang 
Yu, a manufacturing manager, Nypro¬ 
chen is one of the first plants in Hong 
Kong to use a torpedolike device that 
feeds heated plastic into a mold, there¬ 
by eliminating the waste material that 
must normally be trimmed off plastic 
parts. 

There are over 3000 injection-mold¬ 
ing shops in Hong Kong—the densest 
concentration in the world, according 
to Stephen Kroll, director of Asian 


China. Techno-Ventures has already 
raised over $22 million, and plans about 
30 projects in the next three years, 
ranging from about $500,000 to $3 mil¬ 
lion in size. According to Fung, the 
companies will tend to be in medium 
rather than high technology areas. The 
Chinese have responded very favorably 
to the idea, he says, and may set up a 
fund of their own to do similar projects. 

China has rules that must be consid¬ 
ered by companies going into such 
projects, however. Over a period of 15 
years (25 in some cases), a company will 
be permitted to keep 75% of its profits 
while giving the rest to China. After¬ 
ward, the entire operation must be 
turned over to the government. The 
Chinese indicate that they may not buy 
goods from vendors unless they build 
plants in China under these terms. 

Fung points out that even these 
tough conditions won’t discourage proj¬ 
ects with a high enough rate of return. 


"The technology of the plant will proba¬ 
bly be obsolete in 15 years anyway,” he 
suggests, and the manufacturer may be 
able to build a new plant financed by 
profits from the first one. 

Hong Kong has not had a venture 
capital industry in the past, according 
to Fung. Most businesses have been 
family-financed, and expanded through 
local banking contacts. He believes that 
the potential for prototype plants in 
Hong Kong now make it an attractive 
place for venture capital. But still, he 
feels, while Hong Kong will provide 
front-end services (marketing, product 
design, and tooling), as well as back-end 
and tertiary services (banking, ship¬ 
ping, testing, packaging, and customer 
service), it will lose the labor-intensive 
manufacturing sector to China. 

Thus, even though Hong Kong hasn’t 
stopped bustling, there will be changes 
in direction. Technology has a bright 
future here, but more in providing ser- 


Commodore’s 
well-organized 
printed circuit 
board assembly 
line (above) has 
the “most ad¬ 
vanced testing fa¬ 
cility” in Asia, 
aside from Japan, 
according to gen¬ 
eral manager 
John Mallaris 
(left). 
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How sweater makers unraveled U.S. trade barriers 

F or several years, panels for women's sweaters were knitted in China and then 
stitched together in Hong Kong. The market grew rapidly as women in the Unit¬ 
ed States bought fewer blouses and more sweaters—cotton for spring and fall, 
wool for winter. The U.S. garment industry, stung by competition from low-cost im¬ 
ports, initiated legislation to designate China the country of origin rather than Hong 
Kong, thus boosting import duties because China was not a favored trading nation. 
(Country of origin is defined by where the most substantial transformation takes 
place; this was shifted from stitching panels together, the Hong Kong operation, to 
knitting the panels, which was done in China at very low labor rates.) 

The result, explains Kenneth 
Fang of Fang Brothers Knitting, 
was that Hong Kong producers 
bought about $400 million in 
automation equipment from Ja¬ 
pan in 1985 so they could do 
the whole job themselves. Sub¬ 
stantial business was thus taken 
away from China, while Japa¬ 
nese makers of computer-con¬ 
trolled knitting machines, some 
of which had been facing finan¬ 
cial troubles, hit a bonanza. 

Advanced technology boosts 
efficiency through all phases of 
sweater making. Designers do a 
rough color drawing that is 
turned into stitch-by-stitch com¬ 
puter instructions by using a 
large, colorful display on a special-purpose Shima Tronics computer (Fang Brothers 
developed its own software). Templates help an operator to manipulate a large array 
of function keys while inputting stitching instructions. Knitting machines run by the re¬ 
sulting code operate 24 hours a day, seven days a week. One operator can tend six 
to eight machines, each of them producing 5-10 dozen panels a day. 

Hong Kong still sells about the same volume of garments to the U.S., according to 
Fang, but lower labor costs in places like Taiwan have forced a move upscale. So 
vendors’ profits are increasing as they use their highly automated mills to make high¬ 
er-quality (and higher-priced) garments. 




Manufacturing Services, the firm that 
set up the Nyprochen partnership. 

Automation is proceeding even more 
rapidly in some parts of the garment 
industry, spurred by import restric¬ 
tions imposed by the United States (see 
"How sweater makers unraveled U.S. 
trade barriers”). 

Hong Kong vendors used to compete 
solely on price, but now the competition 
is more on quality and fast turnaround, 
says Kenneth Fang, director of Fang 
Brothers Knitting Ltd. By moving up 
the quality scale, Hong Kong is increas¬ 
ing dollar volume about 20% a year 
while making the same number of 
pieces. "Hong Kong is losing the low- 
end market; chains like K-Mart, 
J. C. Penney, and Woolworths now buy 
from China and Taiwan,” says Fang. 
"Meanwhile, we make designer labels 
and sell to Bloomingdales and Saks.” 

In the old days the typical Hong Kong 
garment factory was a large building 
with a huge production line. About five 
years ago there was a major shift to 
smaller facilities. Each of the six pro¬ 
duction floors in Fang’s nine-story knit¬ 


ting mill operates more or less indepen¬ 
dently, three doing computer-con¬ 
trolled knitting and three doing the 
looping that stitches a set of panels into 
a finished sweater. This allows much 
greater flexibility, making short runs 
convenient. "We can change a setup in 
the morning and have finished goods at 
night,” boasts Fang. 

Electronic assembly, which along 
with plastics and garments makes up 
about 80% of Hong Kong’s exports 
(most of the rest consists of hardware 
items), is also being upgraded. At Com¬ 
modore’s 11-story assembly plant for its 
model 64 and 128 computers, general 
manager John Malliris recently in¬ 
stalled what he claims is "the most 
advanced electronic testing facility in 
Asia.” (He explains that his use of 
"Asia” doesn’t include Japan.) 

Just as in garments, Hong Kong elec¬ 
tronics firms stress fast response to 
market demand, which is especially 
critical for consumer electronic prod¬ 
ucts like Commodore’s computers. A 
good example is the use of jumper wires 
to change the language used by a com¬ 


puter’s software by shifting the access 
point on a read-only memory. "Other¬ 
wise it would take three days to make a 
new board for another country,” says 
Malliris. 

The Commodore plant has a fully 
automatic line that plates leads onto 
plastic integrated circuit packages at 
rates of up to a million chips a day. "It’s 
the only one in Hong Kong,” asserts 
Malliris, who designed it himself. 

Before mid-’85, the plant was run 
"the Chinese way,” he says. Now work¬ 
stations are neatly organized, parts and 
materials flow to where they’re needed, 
and workers don’t have to move around 
to perform their jobs. 

Still, Commodore’s most advanced 
computer, the Amiga, is being produced 
in Japan, which Hong Kong lags consid¬ 
erably in manufacturing sophistica¬ 
tion. As the Chinese work cooperatively 
with the Hong Kong government to 
smooth the transition in 1997, however, 
manufacturers seem willing to contin¬ 
ue investing in upgrading production 
facilities. This brightens the future for 
both Hong Kong and China. □ . 
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SINGAPORE: 

Can the littlest Tiger 
restore its roar? 



S ingapore —For more than 20 years, 
Singapore has been honing its rep¬ 
utation as Southeast Asia’s "can 
do” country. Thanks to a well-educated 
and well-paid workforce, a superb 
Western-style infrastructure, and a no- 
nonsense govern¬ 
ment renowned for 
its integrity, this 
tiny island republic 
has long been a top 
manufacturing and 
service center for 
multinationals such 
as Texas Instru¬ 
ments, Bell Helicop¬ 
ter, and Hewlett- 
Packard. Until 1984, 
in fact, a bad year in 
Singapore was one 
in which the repub¬ 
lic scored a mere 5% 
growth rate; annual 
rates of 8, 10, and 
even 15% were more 
typical. 

But those were the 
days when ship¬ 
building and oil re¬ 
fining accounted for 
about half of the na¬ 
tion’s economy. As 
demand for oil, petrochemicals, and 
supertankers skidded in 1984-85, so did 
the Singaporean economy. Adding to 
the injury was the slowdown in the U.S. 
computer industry and the correspond¬ 
ing nosedive in markets for peripherals 
and other electronic products made in 

by H. Garrett DeYoung 


Singapore for multinationals. As a re¬ 
sult—and for the first time in recent 
memory—the national economic 
growth rate fell slightly below zero last 
year, to —1.8%. Although some Asia 
watchers predict a 1-1.5% growth rate 


this year, Singapore officials think even 
that figure may be too optimistic. 
Meanwhile, the 1986 figures for South 
Korea and Hong Kong are predicted by 
their governments to be 7 and 4%. 

Like many other heavy-industry re¬ 
gions, Singapore is out to reverse its 
fortunes between now and the early 
1990s, through both economic policy 


changes and long-range industrial 
goals. Countering the republic’s image 
as a relatively pricey place to do busi¬ 
ness, for example, the government ear¬ 
lier this year persuaded workers (who 
are among the highest paid in the re- 


As managing direc¬ 
tor of Diagnostic 
Biotechnology, Lim Jiu 
Kok chose Singapore 
as a corporate site 
largely because 
of its modern facil¬ 
ities and supportive 
government. The 
company, which 
develops new medical 
diagnostic techniques, 
is one of more than 
20 residents of the 
government-sponsored 
Science Park—a focal 
point for R&D in 
biology, computer 
graphics, and other 
technology areas. 


gion) and trade unions to adopt an effec¬ 
tive wage freeze during the next two 
years. Labor costs are also being 
trimmed by a reduction in employers’ 
contributions to the Central Provident 
Fund (in essence, a mandatory worker- 
retirement account) from 25% of em¬ 
ployees’ salaries to 10%. 

On a longer-term basis, Singapore 
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has set out to attract new technology- 
based ventures. And while the nation 
still depends heavily on manufacturing 
and assembly processes, the aggressive¬ 
ly pro-business government is sparing 
no effort to put high tech color in the 
nation’s economic cheeks. One impor¬ 
tant step was taken two years ago, 
when R&D funding was boosted to 0.6% 
of the GNP—still far from the United 
States’ 3% or Japan’s 2.5%, but double 
the 1981 rate. Disciplines now enjoying 
top priority include microelectronics, 
life sciences, robotics, artificial intelli¬ 
gence, and communications. 

"Frankly, we’re anxious to attract 
new investment of any kind,” says Vin¬ 
cent F. S. Yip, executive director of the 
government-backed Singapore Science 
Council, "whether it’s in manufactur¬ 
ing, distribution, finance—whatever. 
But within the next five or ten years, 
the real heart of our economy will be 
advanced technology developed right 
here in Singapore.” 

T he government is tapping both ac¬ 
ademe and business in order to 
achieve its technological goals. 
One approach is to polish up the R&D 
capabilities of the nation’s small but 
highly regarded academic communi¬ 
ty—specifically at the Nanyang Tech¬ 
nological Institute and the state-run 
National University of Singapore 
(NUS); major NUS programs are now 
under way in genetic engineering, diag¬ 
nostics, and computer sciences. 

A second and more aggressive ap¬ 
proach is to make Singapore virtually 
irresistible as a place from which to do 
business. And with a population of only 
about 2.6 million, the nation recognizes 
the need to attract entrepreneurs from 
all over the world. Adding to the allure 
of a modern and efficient infrastruc¬ 
ture and a prized location on the door¬ 
step of the Pacific marketplace, the 
government provides some powerful fi¬ 
nancial incentives: 

• "Pioneer-industry” status, in which 
R&D-oriented companies can enjoy sev¬ 
eral years of tax-free profits. 

• The $30 million Research and De¬ 
velopment Assistance Scheme, admin¬ 
istered by the Singapore Science Coun¬ 
cil, which provides financial aid of up to 
100% for companies engaged in pro¬ 
grams of national importance. 

• The Product Development Assis¬ 
tance Scheme, by which the govern¬ 
ment pays up to half the costs of com¬ 
mercializing a product or process. 

• Initiatives in New Technologies, a 
program aimed at relieving the costs of 
personnel training and start-up. 

The country has also recently set up a 
$50 million venture-capital fund, Ven¬ 
ture Investment/Singapore, for sup¬ 
porting new projects in robotics, bio¬ 
technology, and computer sciences. 


If the government has its way, much 
of the new technology will wind up in 
the three-year-old Science Park, a few 
miles from NUS. Managed by the Sci¬ 
ence Council (part of the Ministry of 
Trade and Industry), the cluster of mod¬ 
ern buildings is clearly intended to be a 
highly visible technological focal point; 
prospective residents are lured to the 
site by attractive rental rates, research 
grants, consulting services, and short 
start-up times. 

Science Park is now home to more 
than 20 new and established com¬ 
panies, all geared to developing and 
marketing advanced technologies. Ex¬ 
amples include Mentor Graphics Singa¬ 
pore, a leading designer and producer of 
computer-aided engineering systems 
and workstations; Det Norske Veritas, 
a materials-testing and analysis labora¬ 
tory with head offices in Norway; and 
Radan Systems, a subsidiary of Brit¬ 
ain’s Radan Computational Ltd., which 
also specializes in CAD/CAM develop¬ 
ment and marketing. 

"This is a very small country, so 
we’re especially interested in attracting 
technologies that don’t require a lot of 
room,” says Yip. "You can work on 
artificial intelligence in an average-size 
office, but you couldn’t do that with 
ceramics or advanced engines.” Anoth¬ 
er criterion for new Singapore technolo¬ 
gy, he says, is its commercial applicabil¬ 
ity to the country and its neighbors. 

O ne technology area that meets this 
requirement is agriculture. Even 
though Singapore itself is not 
among the major markets for new agri¬ 
cultural technology—it covers only 225 
square miles, roughly the size of Chica¬ 
go—many of its neighbors are. Thus 
several Singapore-based companies are 
now designing methods for creating 
new crop species and for stepping up 
agricultural productivity. In Science 
Park, for example, researchers at Plan- 
tek—a three-year-old joint venture be¬ 
tween Native Plants Inc. (NPI) of Salt 
Lake City and Tata, an Indian crop- 
genetics company—are applying inno¬ 
vative plant-genetics techniques to re¬ 
gional crops such as oil palm, coffee and 
tea, and pineapple. 

"Agriculture accounts for up to 65% 
of the economy in some Southeast 
Asian countries,” says Brian Gambrill, 
Plantek’s managing director. "We now 
have the marketing rights to all of NPI’s 
technology throughout the region.” 

Like its U.S. counterparts, Plantek is 
staking its future on several recently 
developed technologies. In one such 
method, protoplast fusion, individual 
cells from different plant species are 
fused into a single new cell; the new 
organism will presumably carry genes 
from both its parents, thus imparting 
interesting and potentially useful prop¬ 


erties to future generations. In another 
technique, called somaclonal variation, 
cells grown in culture are subjected to a 
variety of hormonal manipulations in 
the hopes of generating new properties, 
such as resistance to disease and 
drought. The company is now market¬ 
ing about 40 new plant species through¬ 
out Southeast Asia. 

P lantek is one of several Singapore 
companies that enjoy pioneer-in¬ 
dustry status, which in this case 
grants immunity from taxes for seven 
years; the company also received a 
$500,000 R&D assistance grant, which 
will be shared with NUS. "The govern¬ 
ment wanted us here very badly,” says 
Gambrill. 

Elsewhere in Science Park, five-year- 
old Everbloom International has pat¬ 
ented a method for growing the exotic 
Chinese black mushroom (called shii¬ 
take by Japanese producers, who own 
about 95% of the international market) 
in less than a tenth the time required 
with the traditional method of growing 
the fungi in oak logs. CEO Tan Kok 
Kheng estimates the annual worldwide 
shiitake market at about $1 billion. 

Like Plantek, Everbloom enjoys vig¬ 
orous government support, including a 
$300,000 research grant that may help 
it expand into health-related technolo¬ 
gy in the near future. "Many mush¬ 
rooms have a lot of interesting proper¬ 
ties,” says Tan, citing the shiitake’s 
apparent ability to kill cancer cells (per¬ 
haps by triggering interferon produc¬ 
tion in the body) and to control choles¬ 
terol. Company researchers are now 
working to identify and isolate the ac¬ 
tive ingredients. 

Another Science Park tenant, Diag¬ 
nostic Biotechnology, is developing sev¬ 
eral medical diagnostic methods aimed 
at T-cell leukemia, AIDS, nasopharyn¬ 
geal cancer, and hepatitis B (a major 
health problem in Asia). Clinical tests 
for many of the company’s products are 
now being planned for the region 
("they’re too expensive in the U.S.,” 
complains managing director Lim Jiu 
Kok), with marketing aimed at Europe, 
Australia, and perhaps Japan. 

Although the company was wooed by 
Taiwan during its formative years, says 
Lim, "we were really impressed with 
Singapore; it has a very supportive gov¬ 
ernment, a modern communications 
network, and a complete lack of lan¬ 
guage barriers.” He adds, however, that 
the company has occasionally struggled 
to find researchers experienced in diag¬ 
nostic principles and in tissue culture 
(the art/science in which living cells 
are grown to large volumes in the 
laboratory). 

NUS will also be influential in Singa¬ 
porean biotechnology with its $18 mil¬ 
lion Institute of Molecular and Cellular 


HIGH TECHNOLOGY/NOV ] 








Its modern skyline belies 
Singapore’s troubled econo¬ 
my, which is tied to ship¬ 
building, oil refining, and 
foreign technology. But the 
republic now aims to devel¬ 
op its own expertise in such 
fields as CAD/CAM and 
telecommunications. For 
example, says the National 
University’s Juzar Motiwalla 
(right), “we’re searching for 
more innovative approaches 
to creating our own soft¬ 
ware and information 
systems.” 


"the second-best developed system in 
Asia, after Japan”). 

To be sure, the island is not without 
its problems. With its small population, 
Singapore’s fortunes will always be 
linked to the economies of Europe, the 
U.S. (which buys about a fifth of its 
exports), and Japan. And while the na¬ 
tion’s compactness means easy maneu¬ 
verability—both on the roads and 
through the bureaucracy—it also im¬ 
poses constraints on the nation’s ambi¬ 
tious timetable. "How do you squeeze 
all the technology you need from just 
2/2 million people?” asks Yip. 

Observers also have mixed reviews of 
the government’s strong (some say 
heavy-handed) central-planning poli¬ 
cies: although such policies are credited 
with having achieved Singapore’s tidy, 
fresh-scrubbed appearance and almost 
total lack of racial and political strife, 
they also come across from time to time 
as paternalistic and innovation-stifling. 

But such quibbles pale beside the 


Biology, scheduled for completion early 
next year. Although the institute will 
be geared toward research, says NUS 
liaison officer Peter Lim, "an important 
task will be to provide personnel and 
advice to local biotechnology compa¬ 
nies.” Discoveries made at the institute 
could also be licensed to companies 
around the world. 

Computer science has also taken a 
lead position in Singapore’s future. The 
movement was sparked and is being led 


decidedly industrial tack. "Singapore’s 
major strength in electronics has al¬ 
ways been in manufacturing,” says ISS 
director Juzar Motiwalla, alluding to 
the production of Texas Instruments’ IC 
test equipment and Motorola’s PC 
boards. "We aim to build on that 
strength by developing new and more 
innovative approaches, such as soft¬ 
ware and information systems.” 

To accomplish that, ISS is divided into 
two major segments: education and re¬ 


by the government’s National Comput¬ 
er Board, which serves as the official 
coordinating agency for computerizing 
Singaporean commerce and industry 
and for promoting the nation’s emerg¬ 
ing software capabilities. Early re¬ 
search is now being conducted in CAD/ 
CAM systems, computer graphics, and 
local-area networks. 

The unofficial prime mover of the 
technology is NUS’s Institute of Sys¬ 
tems Science (ISS). Created largely with 
consulting services provided by IBM 
over a four-year period, ISS is taking a 


search. The former is geared mainly to 
promoting computer awareness and 
utilization within Singaporean indus¬ 
try by offering courses for top corporate 
managers and executives, especially in 
small business. 

The research division, meanwhile, is 
now conducting programs in computer¬ 
ized public information, telecommuni¬ 
cations, office systems, and software 
based on Chinese characters—all appli¬ 
cations that remain relatively undevel¬ 
oped in Singapore (except for telecom¬ 
munications, which Motiwalla calls 


enthusiasm with which the republic is 
stepping off into .the next decade—an 
enthusiasm that sees even the island’s 
tininess as an advantage rather than an 
obstacle. "We can’t delude ourselves 
into thinking that we can accomplish 
everything we set out to do,” says 
Motiwalla. "At the same time, because 
we’re a small and adaptable nation, 
we’ve shown that we can move very 
quickly into new areas.” □ 


For further information see 
RESOURCES, p. 69. 
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SILICON DONE 
YOURWAY 

Innovations like programmable ICs and device libraries 
are helping nonexperts design custom chips 


by Jeffrey Bairstow 


W ithin the last three years, ap¬ 
plication-specific integrated 
circuits (ASICs) have begun 
forcing radical changes in the way ICs 
are designed and manufactured, and 
have even started changing the way 
chip suppliers do business with their 
customers. ASICs—integrated circuits 
whose functions are specified by the 
user—are often produced by a special¬ 
ist maker, as opposed to general-pur¬ 
pose ICs, such as memory chips and 
microprocessors, made by the large 
merchant semiconductor manufactur¬ 
ers. An ASIC may be as complex as a 
microprocessor or as simple as a single¬ 
chip controller for a coffee maker. 

Today, the system designer has avail¬ 
able a vast array of ASIC devices, from 
simple logic elements that may be pro¬ 
grammed on the engineer’s desktop 
to predesigned libraries of complex 
circuits such as microprocessors and 
modems that can be assembled auto¬ 
matically on the same chip. Some man¬ 
ufacturers offer a wide variety of ASIC 
technologies, so an engineer may de¬ 
sign and prototype a chip with the sim¬ 
plest and least expensive circuits and 
then move up to more sophisticated IC 
techniques for manufacture in volume. 
And it may soon be possible to check out 
and prototype a design within 24 hours. 
In addition, the software tools needed to 
design ASICs are now widely available 
for relatively inexpensive workstations 
and personal computers (HIGH TECH¬ 
NOLOGY, June 1985, p. 18). Conse¬ 
quently, the ASIC business is booming. 

ASIC revenues are expected to reach 
$5.8 billion this year and to zoom to 
$13.1 billion by the end of the decade, 
according to Andrew Prophet, a senior 
industry analyst with Dataquest (San 


Jose, Cal.). By contrast, the worldwide 
semiconductor business as a whole has 
recently been declining at a 20% annu¬ 
al rate. 

The advent of ASICs is bringing IC 
design capabilities to a broad new con¬ 
stituency. "Last year, semiconductor 
manufacturers generated fewer than 
10,000 new IC designs,” says Andrew 
Rappaport, president of The Technolo¬ 
gy Research Group (Boston). In essence, 
about 4000 IC designers, employed 
mostly by the merchant semiconductor 
companies, produced an average of one 
design each, while some of the more 
than 200,000 electronic system design¬ 
ers turned out about another 5000. But 
while few system designers currently 
have the IC experience or familiarity 
with the available automated tools to 
produce their own ASIC designs, that 
situation is changing rapidly. In just 
four years, claims Rappaport, system 
designers alone will create almost 
100,000 new designs per year. 

Because the traditional methods of 
producing ICs simply cannot cope with 
such a flow, ASIC designers are often 
turning to "silicon foundries,” compa¬ 
nies that do little design work but exist 
to turn out chips devised largely by 
their customers. Meanwhile, merchant 
semiconductor makers, faced with the 
prospect of losing 30% or more of the IC 
market to entrepreneurial foundries, 
are not standing idly by; instead they 
are scrambling to set up their own ASIC 
design centers, which furnish custom¬ 
ers with proprietary computer-based 
tools to design their own ASICs for man¬ 
ufacture by the IC vendor. Using a dis¬ 
play terminal or workstation, the cus¬ 
tomer can design and check the logic of 
the circuits, as well as simulate the 


function and timing of the design. 

The growth of the ASIC business is 
driven by two forces, says Peter Rich¬ 
mond, marketing manager for General 
Electric’s Custom IC Department (Re¬ 
search Triangle Park, N.C.)—"the rap¬ 
id development of silicon-gate CMOS 
[complementary metal-oxide silicon] 
technology and the increasing advance¬ 
ment of CAE [computer-aided engineer¬ 
ing] tools for IC design.” In the first case, 
he says, the turning point came about 
five years ago with the development of 
5-micron CMOS circuits, which permit¬ 
ted more than 1000 logic gates on a 
single chip. ("Five-micron” refers to the 
average length of a gate, the basic logic 
element.) Today, notes Richmond, 2- 
micron technology is cramming more 
than 10,000 usable gates onto a chip. 
Several manufacturers will shortly in¬ 
troduce 1.5-micron gate arrays, which 
will effectively double the possible 
number of gates. What’s more, some 
memory makers in the U.S. and Japan 
are already preparing for submicron 
technology, although that level of inte¬ 
gration is not yet required for ASICs. 

W hile semiconductor manufactur¬ 
ing technology is always a step or 
two ahead of the potential users of ICs, 
claims Richmond, "CAE tools tend to 
lag the users’ needs. We’re just begin¬ 
ning to see personal computer-based 
CAE tools that can comfortably handle 
the design and simulation of circuits 
with up to 2000 gates.” The trend in 
ASIC design is away from expensive, 
dedicated workstations, such as those 
made by Daisy Systems (Sunnyvale, 
Cal.) and Valid Logic (Mountain View, 
Cal.), in favor of PC-based systems, such 
as those offered by FutureNet (Chats- 
worth, Cal.) and Telesis Systems 
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“With design tools hosed on artificial intelligence, we’ll bring the 
best IC designers’ know-how to the system engineer. ” 

DON MACLENNAN, DIRECTOR OF MARKETING, SIERRA SEMICONDUCTOR 
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(Chelmsford, Mass.), and general-pur¬ 
pose engineering workstations. 

More sophisticated engineering 
workstations, such as those made by 
Apollo Computer (Chelmsford, Mass.) 
and Silicon Graphics (Mountain View, 
Cal.), can handle around 5000 gates 
easily, says Richmond, whereas 10,000- 
gate circuits and larger still require the 
capability of a mainframe computer, 
typically a Digital Equipment Corp. 
VAX system. But as PCs add more mem¬ 
ory and increase their processing 
speeds, he says, the size of the IC designs 
they can handle will increase 
dramatically. 

here are three basic ways 
of designing integrated 
circuits, all of them requiring 
automated tools for entering 
and simulating the design: 
gate array, standard cell, and 
custom. All three methods 
may be used to design ASICs, 
depending on the complexity 
of the circuit and the volume 
of chips to be manufactured. 

The simplest technique, 
and probably the most fre¬ 
quently used, is the gate ar¬ 
ray. As the name implies, a 
gate array is a standard array 
of logic elements, or gates, dif¬ 
fused into a silicon chip. The 
connection of the gates is de¬ 
termined by the system de¬ 
signer and accomplished with 
one or sometimes two layers 
of metal interconnections de¬ 
posited on top of the silicon. A 
typical gate array will con¬ 
tain anywhere from a few 
hundred to a few thousand 
gates. However, gate array 
manufacturers are constant¬ 
ly increasing the density of 
gates on a chip. Arrays of 
more than 100,000 gates 
now possible, says Rick Ras¬ 
mussen, product manager for 
LSI Logic (Milpitas, Cal.), the 
leading U.S. manufacturer of 
gate arrays. Not all the gates 
on a chip are used: the inter¬ 
connections would be too com¬ 
plex. Several major Japanese 
semiconductor makers, nota¬ 
bly Fujitsu and Toshiba, have also been 
successful in making large gate arrays. 

The standard cell approach is based 
on predefined integrated circuit de¬ 
signs, such as buffers, gates, flip-flops, 
decoders, and multiplexers, each form¬ 
ing a standard building block or cell. 
From a library of cells, provided by the 
IC maker, the designer builds a circuit 
with the desired functions. Design auto¬ 
mation tools are used to lay out the 
standard cells on a chip and route all 
the interconnections. Since the range of 


functions available in a standard cell 
library is extensive, such designs are 
often more complex than gate array 
designs. Standard cells also achieve 
higher circuit density and so make 
more efficient use of the silicon real 
estate. Production, however, is more 
complex—comparable to that of gener¬ 
al-purpose ICs. 

The leading standard cell vendor is 
probably NCR Microelectronics (Fort 
Collins, Colo.), which has a codevelop¬ 
ment alliance with Motorola (Phoenix, 
Ariz.) that allows customers to switch 


array and standard cell options. Other 
leading standard cell vendors are VLSI 
Technology (San Jose, Cal.), an ASIC 
vendor with a highly regarded tool li¬ 
brary; and Zymos (Sunnyvale, Cal.), a 
company recently purchased by the Ko¬ 
rean conglomerate Daewoo. 

Chips designed through gate array 
and standard cell techniques are often 
referred to as semicustom integrated 
circuits, since they use predefined ele¬ 
ments. Thanks to design automation 


tools developed by semiconductor mak¬ 
ers, silicon foundries, and specialized 
software houses, neither technique re¬ 
quires much IC design experience. In 
contrast, full custom circuits are de¬ 
signed from scratch by experienced IC 
designers to achieve the maximum 
packing of transistors and other circuit 
elements on the chip. Because full-cus¬ 
tom design and layout is more expen¬ 
sive and time-consuming than semicus¬ 
tom methods, it is used only when 
extremely high performance is war¬ 
ranted—as in the case of a microproces¬ 
sor—or when production vol¬ 
umes are expected to be large 
enough to justify the addition¬ 
al costs. The major companies 
in the full-custom field are 
the leading merchant semi¬ 
conductor makers, notably 
Intel and National Semicon¬ 
ductor (both in Santa Clara, 
Cal.), Texas Instruments (Dal¬ 
las), and such Japanese mak¬ 
ers as Fujitsu and Toshiba. 

For semicustom circuits, 
whether gate array or stan¬ 
dard cell, the design, testing, 
and manufacturing process is 
largely the same (see dia¬ 
gram). There are four phases: 
a design phase, taking two to 
ten weeks, either at a ven¬ 
dor’s design center or on the 
system engineer’s own work¬ 
station; a layout phase, tak¬ 
ing one to four weeks, usually 
on the semiconductor ven¬ 
dor’s mainframe computer; a 
prototyping phase, taking 
four to eight weeks, at the 
vendor’s production facility; 
and finally a production 
phase, taking perhaps 12 to 
14 weeks to reach full volume. 

In designing a circuit, a sys¬ 
tem designer using an engi¬ 
neering workstation or a PC- 
based CAE system begins by 
selecting the necessary logic 
elements from the standard 
cell library offered by the 
semiconductor vendor, a pro¬ 
cess called schematic entry. 
The system designer then 
uses a logic simulator on the 
workstation or PC to check that the 
logic will function correctly. A second 
simulation program checks for timing 
problems. 

When the designer is satisfied, a net¬ 
work listing (netlist) is generated so 
that either the vendor’s mainframe 
CAD system or the designer’s worksta¬ 
tion can automatically place the stan¬ 
dard cells on a chip layout and deter¬ 
mine the routing of the inter¬ 
connections. The system checks to en¬ 
sure that none of the design rules for 



freely between the two companies’ gate 
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that particular semiconductor technol¬ 
ogy have been violated, and performs a 
timing analysis using the actual timing 
delays caused by the interconnections 
produced by the layout program. 

Once the layout is verified, the semi¬ 
conductor maker produces the photo¬ 
lithographic masks needed to etch the 
silicon, and prototype circuits are built 
for testing by the system designer. If the 
prototypes are successful, the vendor 
can then make the circuit in volume. 
The Motorola-NCR alliance permits sys¬ 
tem designers to develop and prototype 
a design as a gate array and then con¬ 
vert the logic to a standard cell version 
with the help of computer-aided design 
tools. Gate arrays can be prototyped 
faster and at lower cost, while standard 
cell designs can often be manufactured 
less expensively at larger production 
volumes. 

rototyping time can be cut even 
further with a laser-programmable 
gate array technique developed by La- 
serpath Corp. (Sunnyvale, Cal.). Laser- 
path programs arrays by cutting away 
unwanted connections on a premetal¬ 
lized array, a process that takes about 
three hours for a 1500-gate chip. "Ulti¬ 
mately,” says company president Mi¬ 
chael Watts, "we expect to achieve one- 
day turnaround” after receiving the 
chip layout. The company charges 
$13,500 for five 1500-gate prototype 
chips, about half the cost of convention¬ 
al gate arrays. 

The laser-cutting technique is avail¬ 
able only through an ASIC vendor. But 
an alternative, the programmable logic 


device (PLD), can be modified directly 
by the system designer. One form of 
PLD is the programmable array logic 
(PAL)—supplied by Monolithic Memo¬ 
ries (Santa Clara, Cal.)—which con¬ 


tains up to 2000 logic gates. At each 
intersecting point in the logic array is 
an electrically programmable connec¬ 
tion; depending on the logic design, 
some of these connections will be 




“The trend is to PC- 
based workstations 
for ASIC design. ” 

PETER RICHMOND 
MARKETING MANAGER 
GE CUSTOM 1C DEPT. 


opened during programming. 

Another form of PLD is an erasable 
programmable read-only memory 
(EPROM) with a gate array architec¬ 
ture. Logic design with an EPROM is 
similar to other semicustom methods. 
The designer begins with schematic en¬ 
try and proceeds through verification 
and simulation to produce a netlist. 
Special software provided by the PLD 
maker converts the netlist into instruc¬ 
tions for electrically altering the state 
of the connections. If the prototype PLD 
is not satisfactory, the design can be 
reworked and the EPROM erased by a 
short exposure to ultraviolet light. The 
PLD is then ready to be reprogrammed. 

At densities of less than 2000 gates, a 
PLD can be used as a relatively inexpen¬ 
sive gate array prototype. "It’s safe to 
assume we haven’t seen the limits of 
PLD density,” notes Rappaport, and 
performance and capacity are in fact 
increasing. Several merchant semicon¬ 
ductor vendors offer EPROM devices, 
but the most active suppliers in this 
area are relative newcomers such as 
Altera (Santa Clara, Cal.), Cypress 
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BUSINESS OUTLOOK 


Custom chips outpace 
conventional circuits 



The market for application-specific inte¬ 
grated circuits (ASICs) is flourishing, 
even in the midst of slow growth for 
semiconductors generally. According to 
Dataquest (San Jose, Cal.), ASICs will 
expand by 25-30% this year—a growth 
rate almost three times that of the total 1C 
business—to constitute a worldwide mar¬ 
ket of $5.8 billion. “ASICs could account 
for up to half of the total 1C market within 
10 years,” says Wilfred J. Corrigan, pres¬ 
ident of LSI Logic (Milpitas, Cal.). “By 
1990, ASICs will represent a $12-15 
billion market.” 

The ASIC market is composed of four 
segments. Over half of it consists of fully 
customized circuits—extremely compact 
and capable devices whose high devel¬ 
opment costs make them most suitable 
for use in high-volume goods such as 
watches, calculators, and other consum¬ 
er products. The market for such ICs, 
however, will remain essentially flat 
into the next decade as design-automa¬ 
tion tools, such as computer-aided engi¬ 
neering (CAE) workstations and silicon 
compilers, grow in power and sophis¬ 
tication. 

Thanks to such tools, gate arrays and 
standard cells—less complex ASICs that 
make use of some predefined ele¬ 
ments—will take over a larger share of 
the market. The gate array market will rise 
from $2 billion in 1986 to $5.6 billion by 
1990, while standard cells will explode 
from $250 million at present to almost $4 
billion by 1990, according to Dataquest; 
during the 1990s, the standard cell mar¬ 
ket should surpass that for gate arrays. 

Programmable logic devices, the 
fourth ASIC segment, are the least com¬ 
plex and easiest to design. At about $230 
million, their current market is on a par 
with that for standard cells, but the growth 
rate will not be as pronounced; by 1990, 
this market should be worth $1 billion. 

ASIC vendors tend to specialize ac¬ 
cording to market segment. Full-custom 
circuits are manufactured by National 
Semiconductor (Santa Clara, Cal.), Tex¬ 
as Instruments (Dallas), Intel (Santa 
Clara, Cal.), and several Japanese firms. 
The leading producers of gate arrays and 
standard cells are LSI Logic and NCR 
Microelectronics (Fort Collins, Colo.), re¬ 
spectively. Standard cells are also of¬ 


fered by Zymos (Sunnyvale, Cal.) and 
VLSI Technology (San Jose, Cal.). Ven¬ 
dors of programmable logic devices in¬ 
clude Monolithic Memories and Altera 
(both in Santa Clara, Cal.), and Xilinx 
(San Jose, Cal.). 

In addition to the production of ASICs, 
some companies also pro¬ 
vide services that enable 
customers to design, simu¬ 
late, prototype, and test the 
circuits they plan to use. A 
quarter to a third of the 1985 
market for each ASIC seg¬ 
ment was composed of 
such service functions. 

These costs are likely to 
decrease as design equip¬ 
ment comes down in price. 

For example, “today’s 
$100,000 CAE workstation 
will cost a half to a third as 
much by the end of the dec¬ 
ade,” says Andrew Prophet, 
senior industry analyst at 
Dataquest, “and by that 
time $100,000 will put the 
equivalent of a mainframe 
computer on the design en¬ 
gineer’s desk.” He adds 
that the proliferation of these 
workstations—produced by 
such firms as Valid Logic 
(Mountain View, Cal.) and 
Daisy Systems (Sunnyvale, 

Cal.)—will result in greater 
familiarity with gate array and standard 
cell designs. 

Silicon compilers, which permit users 
to synthesize ASICs from a description of 
the required functions, are also becom¬ 
ing an important design tool. One of the 
most serious challenges to vendors of 
such equipment—including Silicon De¬ 
sign Laboratories (Liberty Corner, N.J.), 
Silicon Compilers (Los Gatos, Cal.), and 
Seattle Silicon Technology (Bellevue, 
Wash.)—is to provide chip design soft¬ 
ware suitable for individuals not trained in 
semiconductor engineering. As ASIC de¬ 
sign becomes more automated, Data¬ 
quest expects the number of worksta¬ 
tions incorporating silicon compilers to 
rise from 100 last year to 10,000 by 1990, 
an installed base worth over $500 mil¬ 
lion .—John Posa 


“Customers have gotten 
into the design of their 
own circuits using gate 
arrays. Many are now 
ready to use more 
sophisticated and efficient 
design techniques, such 
as standard cells and 
silicon compilers.” 

Henri Jarrat, President 
VLSI Technology 
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Semiconductor (San Jose, Cal.), and 
Xilinx (San Jose, Cal.). Altera offers a 
PC-based CAE system for programming 
its PLDs for as little as $2500, including 
an add-on board for the PC, logic design 
and device programming software, and 
a sample pair of PLDs. Altera’s PLDs 
can be designed on an engineer’s desk¬ 
top in a matter of hours, according to 
David Laws, vice-president of market¬ 
ing. "Eventually,” says Rappaport, 
"programmable logic will be used for all 
but the densest designs to identify and 
correct functional errors. Metal-pro¬ 
grammed parts, whether laser-zapped 
or conventional gate array, will be used 
for final checkout.” 

W hile PLDs leave everything in the 
hands of the design engineer, Cir¬ 
rus Logic (Milpitas, Cal.) keeps its cards 
close to its chest with an unusual stan¬ 
dard cell approach to ASICs. "We will 
sell only the product and not the reci¬ 
pe,” says president Michael Hack- 
worth. Cirrus Logic has developed a 
series of what the company terms 
"semistandard” ICs for data communi¬ 
cations, graphics, and disk drive con¬ 
trollers. The company gives customers 
concept specifications for, say, a disk 
drive controller, similar to the engi¬ 
neering data sheets that semiconductor 
vendors provide for off-the-shelf devices 
such as microprocessors and memories. 
Customers can alter the specs to suit 
their purposes, changing operating fre¬ 


quency or input/output levels, for ex¬ 
ample. Cirrus Logic takes the revised 
specs and uses a proprietary specialized 
silicon compiler to produce a design 
that is optimized for the particular ap¬ 
plication. Cirrus Logic takes full re¬ 
sponsibility for the design, testing, pro¬ 
totyping, and manufacture of the 
finished chip. The customer need not be 
familiar with IC design and is not re¬ 


quired to learn how to use unfamiliar 
CAE tools. "Our customer’s design tool 
is a very user-friendly ball-point pen,” 
says Mark Singer, manager of market¬ 
ing communications. Similar semistan¬ 
dard ICs are offered by Silicon Systems 
(Tustin, Cal.). 

In part, the Cirrus Logic approach is 
a response to a major hurdle for novice 
ASIC designers—the considerable effort 


needed to become familiar with auto¬ 
mated design tools. Many ASIC suppli¬ 
ers have set up design centers where 
customers can work on the vendor’s 
own computers and receive immediate 
assistance with problems as the design 
work progresses. When Don Mills, di¬ 
rector of hardware development for 
PBX maker CXC Corp. (Irvine, Cal.), de¬ 
cided to develop some standard cell 
circuits for a new generation of PBX 
equipment, he decided to do so at one of 
NCR’s design centers. "Everything 
went pretty smoothly on that first proj¬ 
ect,” he recalls. "But we had a much 
longer learning curve on the second 
project when we decided to use our own 
workstation.” Not only did CXC’s engi¬ 
neers take longer to learn how to use 
the schematic entry and simulation 
software, but the Mentor Graphics 
workstation, an early model, had limit¬ 
ed capacity and was too slow for the 
5000-gate circuits under development, 
thus further extending the design time. 

R ecognizing that inexperienced de¬ 
signers often have difficulty learn¬ 
ing to use the current generation of 
tools, some ASIC firms are spending at 
least as much on software development 
as on improving their manufacturing 
processes. "The ASIC vendor who 
doesn’t will not survive,” claims An- 

HIGH TECHNOLOGY/NOV 1986 43 


“There’s a 
long learn¬ 
ing curve 
for new 
ASIC 

designers. ” 

DON MILLS 
DIRECTOR 
HARDWARE 
DEVELOPMENT 
CXC CORP. 





















drew Haines, ASIC marketing manager 
for VLSI Technology. 

In this spirit, several ASIC compa¬ 
nies—especially VLSI Technology, Wa- 
ferscale integration (Fremont, Cal.), Zy- 
mos, and England’s Plessey Co.—are 
attempting to bring sophisticated VLSI 
designs within the reach of more sys¬ 
tem engineers by offering larger and 
more complex cells. These "megacells” 
are VLSI elements such as a core micro¬ 
processor, a peripheral controller, or a 
complete communications modem pre¬ 
designed within one large cell. Thus the 
ASIC designer is spared the effort of 
designing the logic for, say, a modem, 
and need only change such specifica¬ 
tions as speed and word length to obtain 
the desired function. A relatively 
straightforward compiler is used to cus¬ 
tomize the megacells, resulting in 
shorter design time and a more efficient 
use of silicon. Plessey likens its ap¬ 
proach to the spreadsheet used in busi¬ 
ness for financial modeling. In essence, 
all a designer must do to set the param¬ 
eters of a megacell is insert numbers 
into a "silicon spreadsheet.” 

Zymos has taken the megacell idea 
even farther with the concept of a "sili¬ 
con template,” a complete computer 
system design on a chip. The system 
engineer combines several megacells 
that have been completely designed, 
simulated, and laid out, and then stored 
in a software library. As in the silicon 
spreadsheet approach, the designer can 
alter the parameters of the cells mak¬ 
ing up the system to improve overall 
performance or customize for a special¬ 
ized application. Zymos, for example, 
developed an IBM PC/AT silicon tem¬ 
plate including most of the components 
(all except the microprocessor, the dy¬ 
namic memory, the basic ROM, and the 
keyboard controller) on a 25,000-gate 
chip less than half an inch square. In 
effect, the number of chips in the PC is 
reduced from 90 to four, claims Robert 
Andrews, director of technical market¬ 
ing for Zymos. 

T he megacell and the silicon tem¬ 
plate simplify the system design 
process; the engineer need not know in 
detail how to design the circuitry of a 
modem or a drive controller. The next 
stage in bringing ASIC design to a larger 
community of designers is probably the 
wider acceptance of silicon compila¬ 
tion—the automatic synthesis of ICs 
from a behavioral description of the 
system, as opposed to conventional de¬ 
sign by entry of a logic schematic dia¬ 
gram. Although silicon compilation has 
been around in the academic world for 
several years, practical commercial 
compilers have only just begun to ap¬ 
pear. In 1985, approximately 100 work¬ 
stations with silicon compilation capa¬ 
bility were shipped, according to 


Dataquest, but sales are expected to 
triple in 1986 and continue to triple 
through the end of the decade. 

The early silicon compilers were ex¬ 
pensive and aimed more at the sophisti¬ 
cated IC designer than the system engi¬ 
neer. The first Genesil silicon compiler 
from Silicon Compilers, Inc. (San Jose, 
Cal.), required a large VAX computer 
and cost more than $100,000 per termi¬ 
nal. Silicon Compilers and other ven¬ 
dors such as VLSI Technology, Seattle 
Silicon Technology (Bellevue, Wash.), 
and Silicon Design Laboratories (Liber¬ 
ty Corner, N.J.) are now making their 
compilers available on less expensive 
engineering workstations. None has 
gone quite so far as Lattice Logic Ltd. 
(Edinburgh, Scotland), which recently 
introduced its Silicon Compiler Spread¬ 
sheet, a package that runs on an IBM 
PC/AT with an added 32-bit coproces¬ 
sor. The Silicon Compiler Spreadsheet 
is restricted to circuits containing fewer 
than 5000 gates. But since most of to¬ 
day’s ASICs fall within that limit, many 
industry observers expect the spread- 


“The ASIC vendor 
who doesn't spend as 
much on software as 
on manufacturing 
will not survive. ” 


sheet concept to proliferate. 

While silicon compilers are currently 
suited only to digital circuit design, the 
interfaces required between computers 
and industrial controls or instruments 
are analog. Thus analog functions are 
becoming an increasingly important 
part of many semicustom chips. "By 
1990 about half of all semicustom chips 
will contain some analog circuitry,” 
says Cindy Thames, a vice-president of 
The Technology Research Group. "Cus¬ 
tomers will choose libraries and ven¬ 
dors on their ability to do analog.” Al¬ 
though demand for analog capability is 
increasing, the tools for automating the 
design of analog circuits are not as 
mature as those for digital IC design. 
Not only are analog circuits such as 
operational amplifiers and analog-to- 
digital convertors more difficult to de¬ 
sign as integrated circuits, because of 
their requirements for linearity and 
precision, but high-performance analog 
chips are more sensitive to electrical 
interference and thermal effects than 
all-digital chips. 

One solution is to use analog stan¬ 
dard cells rather than attempting to 
design at the transistor level. NCR and 
Gould AMI (Santa Clara, Cal.) both offer 
some analog standard cells. Probably 


the most extensive library is provided 
by a relative newcomer, Sierra Semi¬ 
conductor (San Jose, Cal.), which offers 
over 30 analog cells compatible with a 
2-micron production process. Sierra 
can also combine digital, analog, and 
EEPROM (electrically erasable pro¬ 
grammable ROM) technology on the 
same chip, says Don MacLennan, Sier¬ 
ra’s director of custom product market¬ 
ing. The EEPROM cells provide replace¬ 
ments for potentiometers, switches, 
and other means of calibrating and pro¬ 
gramming system functions, important 
for analog circuits. Sierra is working 
with Seattle Silicon Technology to in¬ 
corporate analog functions into the lat¬ 
ter’s Concorde silicon compiler, further 
simplifying the design process for sys¬ 
tem engineers who wish to combine 
digital and analog functions. 

M ost industry observers expect the 
automated tools required for ASIC 
design to become easier to use and fast¬ 
er as the ASIC market expands. "Silicon 
compilation is not yet of age,” says 
Andrew Kessler, an analyst with 
PaineWebber (New York). "But it’s be¬ 
coming well used for military applica¬ 
tions where performance is paramount 
and efficient use of silicon is a factor. 
That body of experience will result in 
improvements in silicon compilers.” 

The acceptance of silicon compilation 
may have been slowed by the cost of 
both hardware and software. But the 
coming generation of 32-bit personal 
computers based on the Intel 80386 
microprocessor will bring powerful 
workstations within the reach of many 
more system engineers. Such machines 
will be capable of handling the massive 
computation and large memory re¬ 
quirements of silicon compilers and cell 
libraries. 

Ideally, system designers would like 
to be able to produce circuits as efficient 
as the full-custom designs generated by 
experienced IC designers. "We’re not 
too far away from seeing tools based on 
artificial intelligence,” says Sierra 
Semiconductor’s MacLennan. "Then 
we’ll be able to bring the best IC design¬ 
ers’ know-how to the system engineer.” 
Already Gould AMI and the U.S. 
Army’s Electronic Technology and De¬ 
vice Laboratory (Fort Monmouth, N.J.) 
are working on a silicon compiler that 
uses a stored base of expert design 
knowledge. When such knowledge can 
be captured in every system engineer’s 
workstation, ASIC design could well be¬ 
come the method of choice for electron¬ 
ic systems. □ 

Jeffrey Bairstow is a senior editor of 
HIGH TECHNOLOGY. 


For further information s< 
RESOURCES, p. 69. 
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TechWorks 



CD TOWER™, VIDEO RACK AND CASSETTE RACK 

Imported from West Germany 

CD Tower holds 20 compact discs. A true modular system that can 
“grow” as your CD collection increases. When 4 CD Towers are com¬ 
bined 80 compact discs can be stored in one cubic foot Video rack holds 
12 VHS or Betamax tapes and is free standing for shelf use inside 
entertainment centers. Cassette rack holds 20 of your favorite audio 
cassettes in numbered slots. Perfect for small shelves and drawer 
storage. All towers and racks are made in West Germany with a crystal 
satin finish and are wall-mountable. Organize and protect your compact 
discs, videotapes and audio cassettes with these space-saving 
products. *tapes and discs are not included CD Tower 2 for $19.95 
(3.31) #423010, Cassette Rack: 2 for $13.95 (3.31) #423020, 

Video Rack: 2 for $19.95 (3.57) #423030- 



35 LB. MARCY DUMBBELL 

Freeweights — a complete selection for begin¬ 
ners and experts. Physical fitness can be yours 
without working out in the gym. These solid 
steel dumbbells have a chrome finish and 
embossed black rubber insert with logo and 
weight on each side. Precision knurled grips, 2 
plates each: 2.5 lbs., 5 lbs., and 7.5 lbs., 1 Bar (4 
lbs.) and Sur Lock collars 1.5 lbs. each) (For 
single dumbbell workouts) #423060 $69.95 
(18.00) 




COIN CLOCKS 

Finely crafted, beautifully designed Analog Quartz Coin Clock with 
gold finish,features alarm and second hand. Ingenious swivel-top 
design makes for easy viewing of both time and logo every moment 
of the day. This unusual clock may also serve as a paperweight 
For use at work or home. Battery included. Four styles to choose 
from — A: #423051 $29.95 (3.95), B: Engraved with your name 
and/or title #423052 $32.95 (3.95), C: Silkscreened with your logo 
or design (12 piece minimum order) #423053 $30.95 (3.95), D: 
Personally engraved with your initials #423054 $32.95 (3.95). 
Attach engraving instructions on separate sheet. 


LONESTAR 

For today’s active lifestyle, Lonestar combines the hottest fashion acces¬ 
sory with the latest state-of-the-art technology. FM stereo receiver and 
earphones on a high quality washable headband (simply remove the 
electronic components that are velcro mounted). Rich sound. An LED 
indicates when a station is being received in stereo. Mono/stereo 
switch assures excellent reception 
operate with large tuning and volume 
controls. Available fashion colors-red 
#423041, yellow #423042, or white 
#423043 $29.95 (3.05) 


of all available stations. Easy to 
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SHARPER EYES 


Converting the LLS- radar shield to solid state 
will improve coverage and cut operating costs 


N orth America’s radar barrier, 
erected three decades ago to 
detect approaching enemy 
planes and missiles, is undergoing a 
major overhaul. With some help from 
U.S. allies, the Department of Defense 
is upgrading the ballistic missile early 

by Peter Gwynne 


warning system (BMEWS) and phased 
array warning system (Pave Paws), 
which seek evidence of incoming ICBMs 
thousands of miles away in space; refur¬ 
bishing the north-pointing sector of the 
old Distant Early Warning (DEW) line, 
which looks across the Arctic Ocean for 
signs of enemy bombers and cruise mis¬ 
siles; and erecting an entirely new over- 


the-horizon backscatter (OTH/B) sys¬ 
tem to spot air-breathing craft, as far 
away as 1800 nautical miles, approach¬ 
ing U.S. shores from the east, west, and 
south. 

The Air Force’s Electronic Systems 
Division (ESD), based at Hanscom Field 
near Boston, has already started to par¬ 
cel out the work on the $4.5 billion 
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ON THE SKY 


upgrade. Raytheon’s Equipment Divi¬ 
sion (Wayland, Mass.) has a 22-month 
contract worth $409 million to improve 
the two initial Pave Paws radars that it 
installed seven years ago and to build 
two more.* 

Raytheon has also won prime respon¬ 
sibility for enhancing the BMEWS ra¬ 
dars at Thule in Greenland and Fyling- 
dales in the United Kingdom. General 
Electric (Syracuse, N.Y.) has the initial 

program; acronym buffs decided on the phrase "perimeter 
acquisition vehicle entry" to fit the initials. Paws" stands for 
"phased array warning system." 


OTH contract—to install the system’s 
eastward-pointing segment in Maine. 
GE is also building long-range radars 
that, together with short-range stations 
being developed by Sperry (Great Neck, 
N.Y.), will peer across the Arctic wastes 
as components of the North Warning 
System (NWS), essentially taking over 
the DEW line’s mission of monitoring 
northern approaches to the continent. 

Other contracts remain to be award¬ 
ed. ESD has received preliminary ap¬ 
proval for upgrading the third prong of 
the BMEWS system, probably in Clear, 


Overlapping segments of radar coverage 
will upgrade North America’s early warn¬ 
ing systems. Map on opposite page shows 
the reach of Pave Paws (yellow) and the 
Ballistic Missile Early Warning System 
(tan). Map above represents ranges of North 
Warning System (purple), which will spot 
bombers and cruise missiles, and over-the- 
horizon radar (pink). 


Alaska. And the division has just start¬ 
ed planning work for the south-point¬ 
ing and Alaskan segments of the over- 
the-horizon radar. Air Force officials 


HIGH TECHNOLOGY/NOV 1986 47 








expect all the radar fences to be in place 
in the early 1990s. Once operating, the 
system should last for at least 20 years. 

The need for improved radar protec¬ 
tion stems partly from the advancing 
age of the original DEW line and ballis¬ 
tic missile early warning system. Not 
only is this setup deteriorating; its tech¬ 
nology, replete with 1950s-vintage vac¬ 
uum tubes, makes it increasingly diffi¬ 
cult to obtain spare parts. 

Cost also enters the equation. In addi¬ 
tion to plugging holes in the old DEW 
line, the overhaul will significantly re¬ 
duce the day-to-day expenses of detect¬ 
ing incoming threats, mainly by mini¬ 
mizing the number of people needed to 
staff radar instal¬ 
lations. Three- 
quarters of the 52 
radars in the 
North Warning 
System, for exam¬ 
ple, will be un¬ 
manned; the oth¬ 
er 13 will have 
minimal crews. 

The predicted fi¬ 
nancial result: 
annual opera¬ 
tional and main¬ 
tenance costs for 
NWS will fall 
from $110 million 
to $65 million. 

Just as critical 
a reason for the 
upgrade is the So¬ 
viet Union’s im¬ 
proved capacity 
to deliver nuclear 
warheads. Inter¬ 
continental bal¬ 
listic missiles 
that travel at hy¬ 
personic speeds 
over a range of 
10,000 miles have 
emerged as rou¬ 
tine components 
of the Soviet arse¬ 
nal, as have 
cruise missiles and high tech bombers. 
And the Soviet Union hasn’t improved 
just the quality of its weapons carriers; 
it has developed the potential to scram¬ 
ble enough aircraft and missiles to over¬ 
whelm the rotating dishes that for 
many years were synonymous with the 
word "radar.” While perfectly adequate 
for such tasks as air traffic control, 
mechanically steered radars are too 
slow and too unreliable for the project¬ 
ed needs of national defense in the 
1990s. So the new and upgraded protec¬ 
tive systems will all use phased array 
radars—static banks containing up to 
several thousand small, identical an¬ 
tennas that generate and electronically 
steer a single powerful radar beam. 


Because phased 
arrays have no moving 
parts, they last 
much longer than 
conventional radars. 


Phased array radars can scan large 
segments of the sky in microseconds 
rather than the seconds taken by con¬ 
ventional radars. And unlike their me¬ 
chanical counterparts, they can track 


Thrusting radar beams toward the Atlantic 
Ocean, the Pave Paws facility at Cape Cod’s 
Otis AFB maintains a round-the-clock 
watch for submarine-launched ballistic 
missiles. 


large numbers of missiles attacking 
from different directions. According to 
Eli Brookner, a radar consultant for 
Raytheon, a single phased array system 
can do what previously might have re¬ 
quired a battery of mechanically 
steered dishes. 

Because phased array radars don’t 
rotate physically, there are no moving 
parts to wear out or break down. Build¬ 
ers of the NWS, for example, expect that 
a failure severe enough to interrupt the 


data flow will occur only once every six 
months. The current DEW line has one 
such failure every 200 hours. Initial 
plans for the Pave Paws array at Otis 
AFB on Cape Cod, Mass., included a 
round-the-clock crew of several mainte¬ 
nance personnel to replace antenna 
modules that malfunctioned. But be¬ 
cause the actual failure rate is no more 
than about two-thirds of a module per 
day, and because each face can lose 132 
of its nearly 2000 antennas without 
compromising its power or accuracy, 
the maintenance staff now consists of 
just three people who check the anten¬ 
nas once a week. 

The key to a phased array radar is 


the matching of the microwave signals 
departing from each of its many anten¬ 
nas. All the signals originate from a 
central oscillator; they are amplified 
and then fed to the individual anten¬ 
nas. A short distance in front of the 
bank of antennas, the signals from each 
antenna link up to form a single beam. 
If all the signals are in phase as they 
leave their antennas, the beam travels 
straight ahead. If the signals are de¬ 
layed by brief amounts of time that 
increase consistently across the face, 
the beam forms at an angle to the per¬ 
pendicular—an angle whose magni¬ 
tude depends on the amounts of the 
delays. The time delays mimic the phys¬ 
ical rotation of a mechanically steered 
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Pave Paws radars operate in three 
major modes: searching, verifying, and 
tracking. The choice of mode deter¬ 
mines the length of the pulses emitted 
by the antennas, explains Lt. Col. Gayle 
White, who as commander of the Cape 
Cod Air Force Station oversees the Otis 
installation. Most of the Otis radar’s 
work is devoted to tracking satellites 
and U.S. missile tests. But the pro¬ 
grams, and the operators, are primed to 
react immediately to evidence that an 
unanticipated object has penetrated 
the instrument’s radar fence. 

Because its coverage overlaps slight¬ 
ly with that of the BMEWS sites in 
Greenland and Britain, says Lt. Col. 

George V. Boyd 
III, director of 
Pave Paws, the 
Otis radar does 
not need any 
boost in power 
during the up¬ 
grade. Improve¬ 
ments will consist 
merely of provid¬ 
ing more mod¬ 
ern computers 
from Control 
Data Corp. (Min¬ 
neapolis) and at¬ 
tendant software. 
The Beale AFB ra¬ 
dar, which does 
not overlap any of 
the BMEWS cov¬ 
erage, will under¬ 
go more profound 
alterations. By 
doubling its num¬ 
ber of active an¬ 
tennas to 3584, 
the refurbishing 
will give the ra¬ 
dar four times its 
present power. 

In addition, two 
new Pave Paws 
facilities are now 
under construc¬ 
tion, at Robins 
AFB in Georgia and near Goodfellow 
AFB in Texas, to monitor areas of the 
Gulf of Mexico and the Pacific beyond 
the reach of the first two radars. The 
Goodfellow facility will have the same 
power as the Otis system. The Robins 
facility, because it will take over space 
tracking now performed at Eglin AFB 
in Florida, will eventually possess eight 
times that power, derived from 5354 
active antennas on each of its two faces. 
The Air Force expects to start using the 
Robins site—in a low-power form—in 
November, and the Goodfellow radar 
next May. 

Phased array radars will also replace 
the old-style rotating BMEWS radars 
that were erected at Thule, Fyling- 


radar. The effect happens in reverse as 
the echoes from planes and missiles 
return to the array, ^yielding interpret- 
able images on displays. Controlled in¬ 
troduction of the timing delays—a pro¬ 
cess known as phase lag steering— 
enables the beam from a single flat 
bank of antennas to sweep across a 120° 
field of view in just a few microseconds. 

The first major phased array radars 
to join the U.S. curtain of protection 
were two Pave Paws systems that went 
on the air at Otis AFB and Beale AFB 
near Sacramento, Cal., in 1979. Unlike 
previous systems, each Pave Paws ra¬ 
dar can track hundreds of missiles si¬ 
multaneously. Pave Paws’ focusing pre¬ 


The radar overhaul 
will greatly reduce 
the cost of detecting 
airborne threats 
to North America 


12- by 8-inch transmitter/receiver mod¬ 
ules. Each side can sweep independent¬ 
ly across an angle of 120°; simple elec¬ 
tronic engineering that links data from 
the two faces thus gives each Pave Paws 


cision is equally impressive. According 
to William Comisky, Raytheon’s mar¬ 
keting manager for phased array sys¬ 
tems, the Otis radar could track a metal 
basketball over St. Louis or a Volks¬ 
wagen over Spain. 

The original Pave Paws radars are 
both two-sided systems in which each 
flat face contains 1792 active antenna 
elements and 885 dummy elements, 
whose antennas are isolated from the 
system’s computers but can eventually 
be linked up to increase the system’s 
detection capacity. In addition, the 
number of elements can be doubled to 
5354 by covering the available 103 feet 
in height and width per face, rather 
than the 73 feet now used, with the 


Radar signals produced by the experi¬ 
mental over-the-horizon transmitter in 
Maine bounce off the ionosphere and 
monitor approaching aircraft and cruise 
missiles far beyond the line of sight. 


radar 240° of horizontal coverage, at 
elevations between 3° and 85°. 

Pave Paws is entirely solid state. In¬ 
stead of vacuum tubes, thousands of 
power transistors—each smaller than a 
penny—control the system’s energy. 
Most of that energy is stored briefly in 
large capacitors linked up with the sol¬ 
id-state modules that are attached to 
each antenna. The capacitors provide 
95% of the power of each radar pulse 
emitted by an antenna. 
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BUSINESS OUTLOOK 


Military radar: 

Large companies hold sway 



The U.S. missile and bomber detection 
systems currently being upgraded are 
part of a larger military radar market that 
can be divided into two broad segments: 
airborne, and ground- and ship-based. 
Airborne radar includes missile fire-con¬ 
trol systems aboard fighter aircraft, sur¬ 
veillance and reconnaissance radars that 
locate and map ground targets, altimeter 
and weather radars, and radar incorpo¬ 
rated into missiles themselves. This seg¬ 
ment should grow from $2.5 billion in 
fiscal 1986 to $3.2 billion in 1990, ac¬ 
cording to market research firm Frost & 
Sullivan (New York). The ground- and 
ship-based segment, including the Air 
Force’s strategic de¬ 
fense networks and 
smaller air surveillance 
and fire control sys¬ 
tems, should hover 
around $4 billion annu¬ 
ally through 1989. 

Both segments are 
dominated by giant 
aerospace and defense 
electronics companies, 
particularly Westing- 
house Electronic (Balti¬ 
more), Hughes Aircraft 
of El Segundo, Cal. 

(now part of General 
Motors), General Elec¬ 
tric (Utica, N.Y.), Ray¬ 
theon (Bedford, Mass.), 

Sperry Electronic Sys¬ 
tems (Great Neck, 

N.Y.), and RCA (New York), which has 
been purchased by GE. 

The Gramm-Rudman-Hollings legisla¬ 
tion aimed at reducing the federal deficit 
will have a varying impact on funding for 
radar programs. For example, “radar 
manufacturers that have a large base of 
installed systems can continue to count 
on a steady market for repairs and re¬ 
placement parts, which comprise most 
radar sales,’’ says Phillip R. Brannon, a 
vice-president at Merrill Lynch (New 
York). In addition, funding cuts are unlike¬ 
ly for improvements to the large-scale 
radar systems intended to warn U.S. 
forces about incoming missiles and 
bombers. 

But new naval and aircraft-based tacti¬ 
cal radar systems may feel the pinch of 
Gramm-Rudman as the technologically 


terns sees the funds diverted into a con¬ 
tract for updating older systems. 

Competitive prospects also vary 
among radar programs. Competition for 
prime contracts in the strategic radar 
programs is likely to be limited, because 
firms are reluctant to put substantial re¬ 
sources into competing for projects in 
areas already dominated by a handful of 
major contractors. For example, only 
Raytheon submitted a bid for a phased- 
array radar unit in England that is part of 
the BMEWS system, although the Air 
Force attempted to obtain bids from addi¬ 
tional sources. Raytheon had previously 
won the contract for constructing a simi¬ 
lar BMEWS radar in 
Greenland and is a ma¬ 
jor player in the Pave 
Paws network. 

By contrast, competi¬ 
tion in the tactical radar 
market is significant 
among companies of all 
sizes. Smaller firms, in 
particular, have carved 
out important positions 
in niche markets. Sand¬ 
ers Associates (Nash¬ 
ua, N.H.), for example, 
plays an important role 
in providing radar jam¬ 
ming equipment to the 
Air Force and Navy; 
Varian Associates (Palo 
Alto, Cal.) supplies kly¬ 
stron and traveling 
wave tubes, and other electronic devices 
for radar systems; and TSC (Santa Moni¬ 
ca, Cal.) has developed a bistatic radar 
system, which physically separates the 
transmitter from the receiver to lower the 
possibility of interception or jamming. 

But market segments that show high 
growth potential tend to get absorbed by 
large companies, particularly in a time of 
budget cutbacks, as illustrated by Wes- 
tinghouse’s purchase of TSC last year 
and Lockheed’s recent takeover of Sand¬ 
ers.. “Gramm-Rudman legislation has 
heightened competition in the radar are¬ 
na," says William Chanatry, manager of 
surveillance systems programs at GE. 
“As major suppliers reposition them¬ 
selves in the marketplace, we could be 
merging into each other's niches." 

— Caro / Tomme Thiel 


sophisticated vehicles for which they are 
intended come under increased congres¬ 
sional scrutiny. The Navy, for instance, 
plans to expand its combat fleet from 555 
to 600 ships, which should increase de¬ 
mand for shipboard air-surveillance and 
fire-control radar systems. However, 
“adding another battle group would re¬ 
quire incredible expense to build and 
maintain the ships, along with the costs of 
fuel, supplies, and sailors,” says Robert 
Hanisee, president of Seidler Amdec Se¬ 
curities (Los Angeles). “In a period of 
budget austerity, the Navy is unlikely to 
reach its goal, though it may build some 
ships such as the DDGX destroyer at a 


“As radar funding is re¬ 
duced, major contractors 
are bidding tighter, cutting 
profit margins, and going 
after market slices in 
which they are not current¬ 
ly involved.” 

Robert Hanisee, President 
Seidler Amdec Securities 


reduced production rate." 

But even if funding for new ships or 
airplanes is cut back, the Pentagon is 
continually upgrading existing weapons 
inventories to keep pace with current 
estimates of threats to national security. 
Often, the same radar developer who 
loses a contract for installing new sys- 
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The basic unit of OTH radar is a 
combination of transmitter, receiver, 
and operations center that oversees a 
horizontal sector of 60°, covering more 
than 1.5 million square miles of air¬ 
space. The transmitting antennas 
stretch almost 4000 feet horizontally, in 
sections ranging from 35 to 135 feet in 
height; the various sections transmit 
different frequencies, from 5 to 28 
megahertz. The receiving antennas are 
246-element arrays almost 5000 feet 
long and 65 feet high. To prevent the 
waves emitted by the transmitter along 
the ground from swamping out the re¬ 
ceived beam, the transmitting and re¬ 
ceiving antennas must be sep¬ 
arated by about 100 miles. A 
loran-C timing system, which 
relies on precisely timed 
pulses emitted by specialized 
transmitting stations, keeps 
the separated sites in syn¬ 
chrony. 

The program, costing about 
$1.2 billion, should be com¬ 
pleted in the early 1990s. At 
that point, a total of 12 sectors 
in four central locations will 
monitor three sides of the 
North American continent 
for low-flying aircraft and 
cruise missiles at ranges of up 
to 10 times the reach of con¬ 
ventional air surveillance ra¬ 
dars. Transmitter and receiv¬ 
er sites, both selected and 
sought, are predominantly 
rural. To maximize the OTH 
radars’ performance, ex¬ 
plains Lee, "you tend to put 
the receiver and transmitter 
away from man-made noise.” 

The initial facility, de¬ 
signed to provide the East 
Coast with 180° of protective 
coverage, will consist of three 
transmitters in Moscow, Me., 
jjj three receivers 110 miles to 
| the southeast in Columbia 
Falls, Me., and an operations 
center in Bangor, about midway be¬ 
tween the two. A similar West Coast 
grouping will contain transmitters 
near Christmas Valley, Ore., receivers 
about 100 miles away at Alturas, Cal., 
and an operations center at Mt. Home 
Air Force Base in Idaho. The Air Force 
has chosen Grand Forks AFB in North 
Dakota as operations center for a 
grouping of four sectors that will face 
south and fill in holes left by the east- 
and west-facing systems, and Elmen- 
dorf AFB outside Anchorage, Alaska, 
for a northwest-facing facility with two 
sectors. However, site selection is still 
under way for those segments’ trans¬ 
mitters and receivers. 

Each sector is divided into a series of 
fan-shaped regions about 500 nautical 


dales, and Clear in the 1960s and up¬ 
graded in the 1970s. The Thule work, 
which will cost about $95 million, in¬ 
volves erecting a phased array station 
similar to Pave Paws atop a tracking 
pedestal originally built for a mechani¬ 
cal radar. The pedestal, reinforced with 
200,000 tons of steel, contains refrigera¬ 
tion systems beneath it to keep the 
surrounding permafrost frozen. Each of 
the radar’s two 84-foot-square faces will 
contain 1792 active modules and the 
same number of dummies. On comple¬ 
tion late next year, the system will be 
roughly twice as powerful as the Pave 
Paws at Otis AFB. The single phased 
array will replace an assem¬ 
blage of four detectors to spot 
approaching objects as early 
as possible and one tracking 
radar to keep tabs on them. 

Meanwhile, negotiations 
are well under way among 
ESD, Raytheon, and the Brit¬ 
ish government for the up¬ 
grade of the Fylingdales site, 
which now contains three me¬ 
chanical tracking radars. 

This plan involves something 
new: a three-sided phased ar¬ 
ray that will monitor a com¬ 
plete circle. The main change 
to accommodate that geome¬ 
try will be an increase in the 
size of the signal processors. 

The Thule and Pave Paws 
radars require only 240° of 
coverage because they look 
outward from the North 
American continent. 

Finally, ESD is outlining 
preliminary plans to upgrade 
the BMEWS site at Clear, in 
the Aleutians, which now 
contains three mechanical de¬ 
tector radars and one tracker. 

However, says Maj. Alan C. 

Jost, BMEWS deputy program 
director, a firm decision to 
move ahead with that work is 
not expected for two to three 
years. 

There is one major difference be¬ 
tween the new BMEWS and Pave Paws. 
Because BMEWS concentrates predomi¬ 
nantly on land-based missiles, which 
can be delivered in far greater numbers 
than those launched from the sea, it has 
to deal with far more complexity. "If 
you regard Pave Paws as a juggler who 
handles three balls, BMEWS is the same 
juggler handling about a thousand,” 
says Jost. As a result, BMEWS contains 
more sophisticated signal processing 
capabilities. 

Whatever its complexity, the phased 
array approach used in Pave Paws and 
BMEWS is familiar technology. By con¬ 
trast, "OTH/B is an entirely new capa¬ 
bility,” declares Col. James A. Lee, di¬ 


rector of the over-the-horizon radar 
system. "We have never before been 
able to look beyond the line of sight for 
atmospheric vehicles.” By bouncing 
high-frequency radar beams and their 
reflections (backscatter) off one of the 
lower layers of the ionosphere—about 
200 miles up—OTH radars will be able 
to detect aircraft and cruise missiles 
flying through a corridor that stretches 
between 500 and 1800 nautical miles 
from North American shores, bounded 
only by the wavetops. "The good news 
with the system is that you can’t un¬ 
derfly it,” says Major Edward F. 
Pleuler, site implementation director 


Over-the-horizon radar provides an en¬ 
tirely new detection capability, says pro¬ 
gram director Col. James A. Lee. 


for the East Coast OTH/B system, locat¬ 
ed at Maine’s Bangor International 
Airport. "The bad news is that it can’t 
tell you the height of objects it detects.” 

It can, however, tell the speed, be¬ 
cause it’s a doppler radar. In fact the 
system searches for what Pleuler calls 
"offsets” in speed—between objects un¬ 
der surveillance and the background of 
the ocean waves. Theoretically, the sys¬ 
tem could detect ships at sea, as well as 
aircraft and low-flying missiles. But in 
practice, ships travel so slowly relative 
to the ocean that their offsets are lost in 
the background noise. 
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miles deep and covering a 7/4° angle. 
Bounced off the ionosphere, the OTH 
beam focuses on each region in turn. As 
it scans, the beam creates a "radar 
barrier” by illuminating eight such re¬ 
gions for two seconds at a time, in such 
a way that all air-breathing vehicles 
approaching the U.S. must pass 
through the beam. During each scan, 
the beam can also be directed to illumi¬ 
nate three extra 7%° regions, to follow 
the path of a single suspicious airplane, 
for example, or to keep a specific seg¬ 
ment under continuous surveillance. 

The wild card in the setup is the 
ionosphere itself. The electromagnetic 
clutter that auroras produce in the ion¬ 
osphere in the direction of magnetic 
north puts a north-facing OTH system 
out of the question for the present. Even 
in other directions, the ionosphere "is 
changing all the time,” complains Maj. 
Robert Coman of the Air Weather Ser¬ 
vice, who is working with Pleuler’s 
group at Bangor. "The time of day, the 
season, and the solar cycle all affect it.” 
Fortunately, the changes occur slowly 
enough for radar operators to 
compensate for them by alter¬ 
ing the frequencies and wave 
forms of transmissions. At 
sunrise, the most difficult 
transition time, transmitter 
operators typically have to 
shift frequencies by 1 mega¬ 
hertz every 10 minutes. 

Research is under way to 
overcome the difficulty in 
north-facing over-the-horizon 
coverage; but for the foreseeable future 
the gap will be filled by the North 
Warning System (NWS), whose $1.3 bil¬ 
lion cost will be shared by the U.S. and 
Canada on a roughly 60-40 basis. Trans¬ 
mitting at 1.2 gigahertz—a frequency 
unaffected by auroral interference (but 
not suited to OTH/B because it doesn’t 
bounce of the ionosphere)—the system 
will monitor the short-cut approach to 
North America over the North Pole. 
The joint U.S.-Canadian project will 
consist of 13 lightly manned long-range 
radar stations from General Electric 
and 39 automatic short-range radars 
built by Sperry. The long-range radars 
are scheduled to start their surveil¬ 
lance in the summer of 1988, the short- 
range devices in 1991 and 1992. 

For the NWS, long-range is a relative 
term, indicating a reach of about 200 
miles. The short-range radars, with an 
outer limit of 60 miles, will fill in the 
gaps between long-range stations. NWS 
radars also differ from others in the 
new curtain of protection in that they 
are two-dimensional rather than three- 
dimensional phased arrays. The long- 
range radars obtain their third dimen¬ 
sion of coverage by physically rotating 
inside radomes—which reduces their 


lifetimes—and the static, cylindrical 
short-range instruments cannot moni¬ 
tor traffic above 10,000 feet. 

Those limitations are not critical, 
says Col. Roger L. Gounaud, Jr., former 
director of the North Warning System. 
Even with their moving parts, the long- 
range radars are expected to be appre¬ 
ciably more reliable than the DEW line 
radars they will replace. And since the 
main purpose of the short-range radars 
will be to limit the ability of bombers to 
fly underneath the radar fence erected 
by the long-range radars, their lack of 
high-altitude coverage will not compro¬ 
mise the system. Indeed, the new ra¬ 
dars may detect too much rather than 
too little. Because of their precision at 
low altitude, says Gounaud, "one of our 
concerns is that the radars may see 
individual birds.” The fact that the ra¬ 
dars are doppler instruments will help, 
however; echoes should quickly peg 
birds as objects flying too slowly to 
represent any threat to national 
security. 

The new and upgraded forms of radar 


The U. S. must answer a major 
political question: How can it 
operate its new and upgraded 
radars without breaking 
the 1972 ABM treaty ? 


protection raise an important political 
issue, however: How does the U.S. start 
to operate major parts of the overall 
defensive curtain without breaking the 
1972 antiballistic missile (ABM) treaty? 
Under the terms of the treaty, "each 
party undertakes not to deploy ABM 
systems for a defense of the territory of 
the country, and not to provide a base 
for such defense.” Hence the agreement 
implies two conditions for new phased 
array radars designed to warn of incom¬ 
ing ballistic missiles. They must be "ori¬ 
ented outward” from the nation they 
protect, and located on the periphery of 
that nation, where they cannot be so 
heavily defended that they can become 
part of a ballistic missile defense pro¬ 
hibited by the ABM treaty. Quoting 
those conditions, the Reagan Adminis¬ 
tration recently objected to a large 
phased array radar under construction 
near Krasnoyarsk, deep in the Siberian 
hinterland. In turn, the Soviets have 
raised questions of their own about the 
upgraded Pave Paws and BMEWs 
systems. 

Once it is completed, the Soviets as¬ 
sert, the four-unit Pave Paws system 
will occupy locations similar to those 
planned for the Safeguard antiballistic 


missile system of the early 1970s. While 
the Pave Paws facilities are plainly not 
"battle management radars”—units 
that, because they can define individual 
incoming objects, are restricted by the 
ABM treaty—Soviet diplomats argue 
that they could be linked together in a 
territorial defense system forbidden by 
the treaty. That argument receives 
short shrift from the U.S. "The similar¬ 
ity between Pave Paws and Safeguard 
radars is that all large phased array 
radars basically look alike,” says Air 
Force Lt. Col. Terry Thornton, a project 
officer for verification in the Arms Con¬ 
trol and Disarmament Agency. "What 
Pave Paws radars do is say that there’s 
a missile coming, and that it will impact 
at a certain point.” 

The Soviets object to the BMEWS up¬ 
grade on the grounds that the radars to 
be erected in Greenland and the U.K. 
are distant from American borders. 
"Our justification for them,” counters 
Thornton, "is that we had sites there at 
the time the ABM treaty was signed. 
There is no restriction on upgrading of 
sites. We consider that 
they’re 'grandfathered.’ ” Un¬ 
stated so far, according to Mi¬ 
chael Krepon of the Carnegie 
Endowment for International 
Peace in Washington, D.C., is 
the fact that while the ABM 
treaty details strict condi¬ 
tions for upgrading existing 
ABM radars, it says nothing 
about early warning radars. 
"And it’s hard to argue that 
[the BMEWS devices] are anything but 
early warning radars.” 

Many U.S. observers regard the Sovi¬ 
et complaints about Pave Paws and 
BMEWS as nothing more than tit-for-tat 
responses to American charges that the 
Krasnoyarsk radar violates the ABM 
treaty. "You can find a Soviet [counter¬ 
complaint in] response to all our com¬ 
plaints about their noncompliance,” ar¬ 
gues Thornton. That tactic, of course, is 
hardly novel in the world of diplomatic 
negotiations. As Krepon sees it, "you 
try to hold the other side to a very strict 
accounting, while giving yourself as 
much leeway as possible. That’s a fair 
game.” But he contends that the diplo¬ 
matic parrying will have little effect on 
plans for upgraded systems. "Early 
warning of ballistic missile attack is a 
very high-priority requirement for both 
sides,” says Krepon. "They’re just not 
going to allow quibbles to get in the way 
of putting new systems up to replace old 
ones.” □ 

Peter Gwynne is a senior editor o/’HIGH 
TECHNOLOGY. 


For further information see 
, j 0.69. 
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CONSUMER TECHNOLOGY 


FACTORY-BUILT HOMES: 
BEYOND THE TICKY-TACKY 



Japanese and 
Swedish assembly 
lines produce 
low-cost, high- 
quality housing 

T he recent arrival on U.S. shores of 
homes produced in Swedish fac¬ 
tories may signal a sweeping change in 
the way houses are built. To most 
Americans, manufactured housing sug¬ 
gests "prefab,” which conjures up im¬ 
ages of flimsy metal-walled dwellings 
often found in mobile-home parks. But 
the Swedes are blending craftsmanship 
with automation, resulting in a far bet¬ 
ter product than the stereotypical pre¬ 
fab box. In Japan, meanwhile, consum¬ 
ers can customize the design of their 
manufactured homes via computer. 

Factory assembly of wall panels for 
housing began in Sweden more than 
100 years ago to facilitate building dur¬ 
ing the short, cold days of the Scandi¬ 
navian winter. The technique got a 
boost during World War II, when the 
shortage of workers created a need for 
more efficient use of manpower. 

The stringent energy efficiency stan¬ 
dards instituted by the Swedish gov¬ 
ernment in response to the energy 
crisis of the early 1970s turned out to 
be a boon to the manufactured housing 
industry, since the quality control pos¬ 
sible in the factory made it easier to 
meet these standards. By mid-decade, 
about 30% of new Swedish housing 
was factory built. 

The average Swedish manufactured 
home has R-33 insulation in the walls 
and R-47 in the ceilings (the higher the 
R-value, the lower the heat loss) and 
allows only 0.2 air changes per hour, 
according to Lee Schipper of the Law¬ 
rence Berkeley National Laboratory, 
who led a study of Swedish house¬ 
building techniques. By contrast, the 
typical new American home has val¬ 
ues of R-17 and R-19, and 0.4 air 
changes. By 1985, more than 90% of 


by Kevin Finneran 


new Swedish housing was factory- 
built, according to Paul Kando, direc¬ 
tor of the Center for the House (Wash¬ 
ington, D.C.), a nonprofit organization 
that studies new housing concepts. 
Kando characterizes the high-quality 
Swedish process as "factory crafting” 
to distinguish it from manufactured 
housing as practiced in the U.S. 

Manufactured housing is not alien 
to the U.S., of course. Of the 1.7 million 
homes built in the U.S. in 1985, about 
30% used premade panels and 4% 
used room-size modules, according to 
Linda Parrish of the National Associa¬ 
tion of Home Builders. The difference 
is that the U.S. manufactured housing 
industry aims at the low end of the 
market; the primary goal is to produce 
a highly standardized product at a low 
cost. "We see the home as a consumer 
product,” says Austin Guirlinger, pres¬ 
ident of Cardinal Industries (Colum¬ 
bus, Ohio). "We’ll produce them like 
cars, and we’ll sell them that way.” 
Indeed, Cardinal—the only U.S. com¬ 


pany to market modular houses na¬ 
tionwide—now makes 12,000 units a 
year at factories modeled after auto¬ 
mobile plants, according to Guirlinger. 

The emphasis at Cardinal is on effi¬ 
ciency rather than elegance or flexibil¬ 
ity. Where the Swedes employ crafts¬ 
men to carefully miter joints, Cardinal 
conceals the roughly cut joints with a 
plastic cover. The Swedes use hard¬ 
wood moldings, while Cardinal uses 
vinyl-coated fiberboard. Cardinal of¬ 
fers limited design choices, and no vari¬ 
ation from its 12 X 24-foot module. 
This approach suits the market: most 
of Cardinal’s construction becomes 
rental housing or motels, where ten¬ 
ants are often not finicky about styl¬ 
ing. The company is beginning to sell 
single-family homes, though, and now 
uses computer-aided design to allow 
more variety. 

Such flexibility already exists in Ja¬ 
pan, where computer-aided design and 
manufacturing systems allow auto¬ 
mated production without sacrificing 


An automobile-style assembly line mass-produces identical wall panels at Cardinal 
Industries. More advanced factories in Sweden and Japan build structures with 
greater variety. 
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The house that Sven built 

A Swedish home factory looks nothing like a traditional building site. At the 
Anebyhus plant in Aneby, construction begins with logs from nearby for¬ 
ests. At the sawmill, sensors scan each log, measuring its length and diam¬ 
eter; using this information, a computer calculates the optimum way to cut 
in order to yield the greatest supply of usable lumber. Just before the cut 
begins, a laser projects a line of light indicating the saw’s path; an operator 
adjusts the cutting blades accordingly. Machines sort the cut lumber and 
deliver it to the kilns, where it is dried to a water content of 10-12%—re¬ 
sulting in less warping and splitting than the 15-19% water levels common 
in U.S. lumber. 

In the factory, boards are fed automatically into a jig that holds them in 
place for the assembly of wall panels. Automatic pneumatic screwdrivers 
descend and quickly secure the frame. Mounted on an automated tilt table, 
the jig moves down the assembly line, where workers add doors and win¬ 
dows that are sealed with gaskets for an airtight fit. Other workers slip pre¬ 
cut pieces of insulation into the walls. The conveyor belt moves the jig to 
the next station, where two workers attach a plastic vapor barrier. An inner 
layer of framing adds space for additional insulation and makes it possible 
to install wiring without piercing the vapor barrier. Finally, robot screwdriv¬ 
ers attach the exterior siding and interior gypsum board. In other parts of 
the factory, similar assembly lines produce floors and roofs. 

Next comes the most distinctive characteristic of Swedish manufactured 
housing. Skilled woodworkers use precision tools to complete the trim and 
finish. The automated jigs and the comfortable indoor conditions make it 
easier to do careful work. The resulting quality shows: Doors close with the 
reassuring whoosh of an airtight seal, and windows have essentially no 
leakage, even in winds up to 50 mph. Dormers and spiral wooden stair¬ 
ways give the feel of a custom-built house. 

Wall, roof, and floor panels are tightly wrapped in plastic for delivery to 
the building site. A crane lifts the panels onto a concrete foundation topped 
with a rubber gasket, which forms an airtight seal. A three-person crew 
along with a crane operator assembles the shell of the house in one day. 
Some Swedish companies produce smaller wall panels that enable the do- 
it-yourself builder to erect a house in about three days, without a crane. 
Kitchens and bathrooms are supplied as complete room modules for quick 
installation. 


Home-building, Swedish style: A factory- 
made wall unit (left), complete with win¬ 
dows and insulation, is lowered into 
place, with a rubber gasket on the foun¬ 
dation forming an airtight seal. A dor¬ 
mer window unit (right) adds a custom 
touch, relieving the uniformity usually 
associated with prefab housing. 


design flexibility. A house-hunter can 
look at numerous model homes and 
then sit down at a computer console 
with a salesman, mixing and matching 
options to produce up to 2000 different 
homes. When the design choices are 
made, the information is relayed to a 
computer at the factory and the house 
starts down the assembly line. Produc¬ 
tion of panels can take as little as 45 
minutes, and the buyer can move into 
the house 30-40 days after ordering it. 
(Japanese regulations require plumb¬ 
ing and wiring to be installed on site, 
slowing construction time.) 

The Japanese began manufacturing 
homes in earnest only in 1975, when 
the government introduced the House 
55 program, aimed at lowering the cost 
of home construction to 55% of that 
year’s level. Factory-built homes now 
account for 15% of new construction, 
reports Donald Carlson, editor of the 
Automation in Housing newsletter. 
Sekisui House, Misawa Homes, and 
Daiwa House each produce up to 
40,000 homes a year in highly auto¬ 
mated plants, according to Carlson. 

As with other Japanese products, 
quality standards are demanding. The 
largest manufacturers have special 
test facilities that subject manufac- 
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tured homes to driving rain, 140-mile- 
perJiour winds, and earthquakes. 
(Movie companies often rent the test 
facilities to film storm scenes.) Wood is 
scarce, so frames are welded together 
from steel. And Misawa Homes has de¬ 
veloped a strong, light, and thermally 
tight ceramic wall material; it is cheap¬ 
er and easier to build a house by assem¬ 
bling panels of this stuff than by con¬ 
structing the conventional sandwich of 
exterior siding, insulation, wooden 
framing, and interior plaster board. 

Neither Swedish nor Japanese hous¬ 
ing is exactly suited to American 
tastes. Although Swedish woodwork 
and cabinetry will appeal to Ameri¬ 
cans, Kando says that "Swedish exteri¬ 
ors are unimaginative and lack the 
'street appeal’ that U.S. homebuyers 
are looking for.” Swedish bedrooms, 
bathrooms, and kitchens are small by 
U.S. standards. Japanese houses are 
also much smaller than Americans 
would like. 

Nevertheless, Japanese and Swed¬ 
ish factory building technology can be 
readily adapted to suit American de¬ 
mands. Swedish Wooden House (New 
York), which imports and builds Swed¬ 
ish homes, adapts a design for the U.S. 
market by converting three Swedish- 
I size bedrooms into a master bedroom 

plus bath. The company had immedi¬ 
ate success with a 17-home resort com¬ 
munity built in Sugarbush, Vt., in 
1982, and is currently building 100 
more homes at various U.S. sites. 
Skanco Sharon-Foxboro Development 
plans to construct 220 houses and 345 
condominiums during the next five 
years in the Boston suburb of Sharon, 
Mass. Built by Myresjohus in Sweden, 
the units will sell for $190,000 to 
$325,000. At least a dozen other com¬ 
panies are importing Swedish manu¬ 
factured homes. 

Foreign-built houses are unlikely to 
flood the country any time soon, how¬ 
ever. At current capacity, according to 
Kando, Sweden could produce at most 
20,000 houses a year for export, not 
enough to dent the U.S. market of 
almost 2 million units. Meeting domes¬ 
tic demand will keep the Japanese 
busy for a few years as well. The Japa¬ 
nese already export homes to China 
and South Korea but do not intend to 
market the houses here, says Carlson. 


Yet both the Japanese and the Swedes 
are interested in setting up joint ven¬ 
tures, enabling the American partner 
to manufacture houses locally using 
the foreign technology. □ 


Kevin Finneran is Washington corres¬ 
pondent for HIGH TECHNOLOGY. 


For further information see 
RESOURCES, p. 69. 
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USRobotics’ COURIER 2400™ 
.. .The most dependable 
at 2400- or 1200-bps 

Y ou get 2400/1200/300-bps 
data communications and 
every first-class feature you’d 
expect in an auto-dial, auto¬ 
answer modem...at a surprisingly 
affordable price. 

But a modem at any price is only 
as good as its performance...And 
that’s where Courier 2400 really shines. 
Don’t take our word for it. Ask any of 
the nearly 2,000 electronic bulletin 
board system operators who have 
chosen the Courier 2400 for one of 
the most demanding modem applica¬ 
tions imaginable. 

Listen to the unanimous chorus of 
praise for the Courier 2400 from tough 
reviewers at more than a dozen highly 
respected computer magazines. 

Consider Courier 2400’s perform¬ 
ance record—less than one percent 
of all Courier 2400s sold have been 
returned for service, a record we chal¬ 
lenge the industry to match. And we 
back up our confidence in Courier 2400 

Circle No. 21 on Reader Service Card. 


with a full two-year parts and service 
warranty. 

Quality, performance, value—your 
modem should be this good. It is, if 
it’s the Courier 2400 from USRobotics. 

jiHobotics 

The Intelligent Choice in Data Communications 

8100 McCormick Blvd., Skokie, Illinois 60076 
Phone toll free 1 (800) DIAL USR 
In Illinois (312) 982-5001 

j To learn more, send for our 
I FREE booklet: “24 Questions 
I and Answers on 2400-BPS 
[ Modems” 11/86 ht 2400 


ADDRESS_ 

CITY_ 

STATE_ZIP. 

COMPANY_ 


J PHONE( )_ 

| PERSONAL USE □ BUSINESS USE □ 
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COMPUTING IN GROUPS 


Network software 
will speed up 
team projects 

T raditionally, microcomputers 
have supported a single user, and 
the only method of sharing informa¬ 
tion and ideas among users has been to 
physically move a floppy disk from one 
micro to another. But because a good 
deal of work in most offices is done by 
small groups whose members function 
interactively, new software is being 
developed to increase the productivity 
of such groups. This type of computing 
is so new that it doesn’t have a clear 
name yet; interpersonal com¬ 
puting, work-group comput¬ 
ing, computer-supported 
groups, group decision sup¬ 
port systems, and even more 
awkward names have been 
proposed. 

Research into interperson¬ 
al computing dates back 
to development work in the 
1960s started by computer 
scientist Douglas Engelbardt 
at SRI International in 
Menlo Park, Cal. Engel- 
bardt’s system, called Aug¬ 
ment, was an impressive 
multimedia information- 
management system that 
blended voice, video, and 
computer data as well as a 
pioneering user interface. 

Augment was designed to in¬ 
crease the efficiency and pro¬ 
ductivity of work groups, but 
its cost and complexity has 
put it beyond the realm of 
commercial applications un¬ 
til today. 


Augment’s functions to IBM PCs as part 
of a service that can be leased from 
Tymshare. 

"These are not completely new 
ideas” but rather "a regrouping of ex¬ 
isting research,” says Robert Johan¬ 
sen, a director of the telecommunica¬ 
tions and computing project at the 
Institute for the Future (Menlo Park, 
Cal.). He believes that the recent trend 
toward distributing computer power 
from a central facility to desktop com¬ 
puters is starting a move back to a 
computing model somewhere between 
a micro and a minicomputer. 

Commercial PC software that offers 
some features of Augment has begun 
to appear, spurred by the proliferation 
of local-area networks for microcom¬ 


Engelbardt left SRI in the 
1970s and continued to devel¬ 
op Augment at McDonnell 
Douglas’s Tymshare divi¬ 
sion. Although the system 
was first developed to be used 
on larger mainframe com¬ 
puters, Engelbardt’s group 
has recently moved many of 

Xerox’s Colab, designed for work groups, features a 
by John Markoff interactive workstations for participants. 


puters. Bill Krause, president of local- 
area network manufacturer 3Com, be¬ 
lieves that the next software program 
to equal the success of Lotus 1-2-3 will 
be a network application. Krause ar¬ 
gues that although there is now only 
one personal computer for every six 
office workers, new network software 
applications will blossom when the 
number of computers doubles. 

At its simplest level, interpersonal 
computing can supply familiar soft¬ 
ware applications such as multiuser 
databases and network electronic 
mail. Already, major PC software pub¬ 
lishers like Ashton-Tate and Microrim 
have introduced local-area network 
versions of their database manage¬ 
ment programs. But these are simply 


central electronic blackboard and 
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microcomputer versions of applica¬ 
tions already available on mainframes 
and minicomputers; several users who 
work independently might share a 
database. 

New applications that will arise as 
PC networks proliferate include coau¬ 
thoring systems, real-time conferenc¬ 
ing, scheduling, screen sharing, voice 
annotating of documents, outline pro¬ 
cessing, and even elaborate multi¬ 
player games. 

The first widely available local-area 
network software packages are elec¬ 
tronic mail programs that permit us¬ 
ers to send messages and documents. 
For MS-DOS-based local-area net¬ 
works, PCC Systems (Palo Alto, Cal.) 
offers cc:Mail and cc:Mail for Modems. 
In these programs, one personal com¬ 
puter acts as a central mail server. The 
modem version allows remote PCs to 
communicate with a home office or a 
local-area network. 

Other programs permit on-line in¬ 
formation sharing by linking two PCs 
to display an identical screen image. 
Carbon Copy and cc:Share do this by 
giving only one user access to the appli¬ 
cation program at a time; the other 
user must ask for control to make 
changes on the screen. 

A more elaborate version of this 
class of software, Optel’s Telewriter 3 
PC, combines a control and writing 
tablet with software that transfers col¬ 
or video images captured from a com¬ 
puter display and a high-speed modem. 
The IBM PC-based system, comarketed 
by AT&T, offers teleconferencing with 
an electronic blackboard at each loca¬ 
tion; users enter commands with a set 
of buttons on the tablet that also serves 
as an interactive pointing and drawing 
instrument. The Telewriter can also 
extend beyond simple PC-to-PC commu¬ 
nications. Using phone company-sup¬ 
plied conferencing lines, it can support 
simultaneous multipoint communica¬ 
tions to as many as 59 different PCs. 
The program resides in memory on an 
IBM PC at the same time as a principal 
application such as a spreadsheet or 
chart, so it can capture and transmit 
screens from that application. A 
spreadsheet screen takes 40 seconds to 
transmit; a video image takes three 
minutes. 

Another obvious class of interper¬ 


sonal computer software will be sched¬ 
uling and planning programs that per¬ 
mit groups of workers to coordinate 
their activities more productively. 
Conetic Systems, for example, is now 
developing an automatic scheduling 
feature for its Higgins office planning 
program. The system, which will run 
on 3Com and Novell local-area net¬ 
works, will let users set up meetings by 
directing the program to find available 
times in the calendars of other users in 
anetwork. 

The leading laboratory for inter¬ 
personal computing is Xerox’s Palo 
Alto Research Center (PARC), whose 
pioneering research in the 1960s 
and 1970s led to the personal com¬ 
puter technology that is now commer¬ 
cially available in graphical user 
interfaces now found in Microsoft Win¬ 
dows and the Apple Macintosh. John 
Seely Brown, director of PARC’s Intelli¬ 
gent Systems Lab (ISL), sees interper¬ 
sonal software as the technological 
equivalent of the blackboard, creating 
an electronic environment to help 
"people’s ideas rub up against each 
other.” 

During the past two years, ISL re¬ 
searchers have designed a system 
called Colab, which has been set up in a 
special room. Up to eight participants 
sit before powerful personal worksta¬ 
tions, each with a high-resolution 
screen and a pointing device. An "elec- 
tern” for the group leader is outfitted 
with a workstation and a 4 X 6-foot 
electronic chalkboard called a live- 
board, created by a high-resolution vid¬ 
eo projector. A laser pointing device for 
the liveboard follows participants’ fin¬ 


Companies 

Conetic Systems, 1470 Doolittle Dr., San 
Leandro, CA 94577, (415) 430-8875 
Meridian Technology (Carbon Copy), 
1101 Dove St., Suite 120, Newport, CA 
92660, (714) 476-2224 
Optel, 322 8th Ave., New York, NY 
10001, (212) 741-9000 
PCC Systems, 400 California Ave., 

#201, Palo Alto, CA 94306, (415) 
321-0430 

Xerox Palo Alto Research Center, 3333 
Coyote Hill Rd., Palo Alto, CA 94304, 
(415) 494-4000 


gers on the touch-sensitive worksta¬ 
tion screens. 

Each workstation screen has a dis¬ 
play window that contains a common 
electronic workspace for the entire 
group as well as private work areas. 
Participants can specify that an item 
may be modified or deleted by other 
participants, or protect it from change. 
Windows can also be opened to support 
pro and con arguments that can then 
be sorted according to their assump¬ 
tions, merits, or impact on related pro¬ 
posals. Private windows permit note 
taking. 

A computer-supported group need 
not work in the same room or even in 
the same city. PARC researchers in 
Palo Alto have linked work groups 
with a Xerox research laboratory in 
Portland, Ore., some 600 miles away. 
The two centers are bound together by 
video and audio links as well as a high¬ 
speed, 56-kilobit digital connection 
that ties together Ethernet local-area 
networks at each location. 

Obviously, the potential of interper¬ 
sonal computing is only beginning to 
be realized. Networked personal com¬ 
puters will ultimately cut the need for 
meetings, reduce business travel, and 
automate many routine aspects of 
modern business. 

However, major hurdles remain. In 
hardware, present computer networks 
have nowhere near the penetration of 
the telephone network, and the bulk of 
micros on desks lack the computing 
horsepower to perform these tasks 
well. And network software, says Jo¬ 
hansen, has yet to be designed with 
enough "grace” to be suitable for the 
typical computer user. 

Sophisticated interpersonal soft¬ 
ware can also create more problems 
than it solves unless the participants 
have a clear understanding of how 
their group works and how to apply the 
technology. "If you just add the tech¬ 
nology, it’s not going to do anything,” 
says Tony Wolff, a Santa Rosa, Cal., 
computer industry consultant who spe¬ 
cializes in corporate communications. 
"You need to create technology that 
matches the function of a group.” □ 


John Markoff is a technology writer who 
covers Silicon Valley for the San 
Francisco Examiner. 
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The signs of change. 

If you’ve been to The Califomias lately, you know there’s a new 
momentum, a new attitude that has made change a part of public 
policy and public policy a part of change. 

Yes, The Califomias comprise the world’s seventh largest 
economy. And, yes, we may be the fourth largest by the year 2000. 
But it won’t be because we’re lucky or nice. It will be because we 
made it happen. 

We’re taking care of business. We’re making it easier. 

Maybe that’s why nearly thirteen hundred companies have 
located or expanded here in the last three years. 

The signs are eveiywhere, i • r* 

and they all say the same thing. I HC L^MOITllclS 


They all say “Go!’ 



California Department of Commerce 
Office of Business Development, BO. Box 9278, Dept. 544B 
Van Nuys, CA 91409 


The Califomias put 
more money into its 
public education system—\ 
grammar schools, high 
schools, universities and 
post-graduate schools— 
than any other state. 

Weil spend $21.6 
billion this year. That’s 
a 35% increase over 
three years ago. 

















Californians bought 
more retail goods in 
1985 than Texas, 
Arkansas, Louisiana, 
and Oklahoma. 
Combined. Over $160 
billion. (That’s up 40% 
from 1980.) The state’s 
total personal income 
for 1986 is forecast to 
grow 20% faster than 
the rest of the nation. 


It takes a real 
to say this: The 
Califomias 
are #23. In 
overall tax 
burden. In 
1978, we 
were #4. 

We had a 
billion and a 
half dollar deficit 
in 1982. Now we 
have almost a billion 
dollar surplus. 
Without a general tax 
increase. 


The Califomias 
have seen nearly $35 
billion of new 
commercial and 
industrial construction 
since 1980. But we still 
have all the land you 
need, at every price— 
including more fully- 
improved, business parks 
than anywhere else in 
the world. 


The Califomias will spend 
$3 billion on streets, 
sewers, water delivery and 
related infrastructure this 
year. That’s 1/3 more 
than 1984. (And an 
additional $16 
billion expenditure 
before 1990 has 
been proposed.) 


If you’ve priced 
office space in ] 
London, Tokyo or , 
New York lately, j 
$50 per square i 
foot per year 
won’t surprise 
you. Compare 
that with a 
ringside seat on 
The Pacific l 
Rim for just 
$26 or $3 0 in 
Los Angeles 
or San 
Francisco., 
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PHONE SECURITY 
FOR THE REST OF US 


Desktop units 


tap the National 
Security Agency’s 
voice encryption 
know-how 


Y ou worry that a business competi¬ 
tor might be eavesdropping on 
your long-distance calls, and you won¬ 
der how you can secure your phone 
system. Help is about to come from an 
unexpected source—the Defense De¬ 
partment’s National Security Agency 
(NSA). In July the agency awarded con¬ 
tracts to three companies—AT&T 
Technology Systems (Greensboro, 
N.C.), Motorola (Schaumburg, Ill.), and 
RCA Aerospace and Defense (Camden, 
N.J.)—to produce a new generation of 
secure telephones it has developed. Al¬ 
though initial production will go to the 
Defense Department and other gov¬ 
ernment agencies that need to discuss 
highly classified material via tele¬ 
phone, a pioneering agreement be¬ 
tween NSA and the three suppliers 
ensures that similar phones will be 
available next year to any individual 
in the U.S. willing to pay the estimated 
$2500 price tag and who agrees not to 
sell the device for export. 

Part of the stimulus for development 
of the product is the ease of intercept¬ 
ing calls. Approximately 90% of all 
U.S. long-distance telephone conversa¬ 
tions take place via satellite and/or 
terrestrial microwave link—and each 
one of those calls is vulnerable to 
eavesdropping. Every small parabolic 
antenna set up in a backyard demon¬ 
strates how easy it is to listen in on 
satellite communications (in this case, 
television programs). And it would re¬ 
quire only a small number of agents in 


by Philip J. Klass 


strategically located buildings to inter¬ 
cept communications carried over ter¬ 
restrial microwave links. 

Government agencies already have 
the means to secure their phone calls, 
in the form of the STU-2 (for "secure 
telephone unit”) scrambler. But this 
device is cumbersome, complex, and 
expensive. It must be housed in a safe¬ 
like cabinet with a combination lock, 
and must be secured whenever the 
authorized user is not present. It re¬ 
quires two separate telephone lines to 
enable both parties to talk and listen 
simultaneously. And users must make 
three separate calls to set up a secure 
telephone conversation—one to obtain 


a scramble code assignment, and the 
other two to establish conversation in 
each direction. In addition, the STU-2 
costs the hefty sum of about $15,000. 

By contrast, the new STU-3 is barely 
larger than a conventional telephone 
handset and can be installed simply by 
plugging it into a conventional tele¬ 
phone jack. To make calls in its secure 
mode, an authorized user merely in¬ 
serts a small plastic key, slightly larger 
than a house key. (When the key is not 
in the handset, anyone can use the 
STU-3 as a conventional telephone.) 
Secure calls purportedly remain un- 
tappable because every communica¬ 
tions link-up be- 


The new STU-3 phone (bottom) contains in a sin¬ 
gle handset all the elements necessary to make 
secure calls. The older STU-2 (top) required a sa¬ 
felike cabinet with cumbersome electronics to 
achieve the same effect. 
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tween two STU-3 telephones uses a 
different, randomly selected code to 
scramble and descramble voice and 
data signals—a code selected seconds 
before the conversation begins. NSA 
refuses to reveal details of the STU-3’s 
technology, beyond the fact that it re¬ 
lies on highly secure encryption algo¬ 
rithms that the agency has developed. 

The agency has, however, given its 
three suppliers the freedom to offer 
any user-convenience features they 
wish, in order to make their own units 
more attractive to commercial custom¬ 
ers. The RCA model, for example, will 
provide speed dialing of up to 20 stored 
telephone numbers, as well as a speak¬ 
er-phone mode for nonsecure conversa¬ 
tions. The AT&T model is expected to 
offer 10 prestorable numbers for speed 
dialing and will operate at either of 
two data rates: 2.4 kilobits per second 
or 4.8 kilobits per second. The higher 
rate gives a better voice quality and 
reduces the time that two handsets 
take to select a scramble-code, from 
about eight seconds to around four 
seconds, but it requires a higher-quali¬ 
ty phone line. The initial Motorola 
deskset, a no-frills version, will proba¬ 
bly be slightly smaller than the AT&T 
and RCA models. All the STU-3s will be 
able to transmit data securely at a rate 
of 2400 baud, suitable for moderate 
amounts of hard-copy information. 

T he idea of exploiting the forces of 
economic competition to market 
the equipment came from Walter Dee- 
ley, NSA’s deputy director for commu¬ 
nications security before his recent 
retirement. Deeley recognized that 
meeting his objective of "buttoning up 
U.S. voice communications by the end 
of this decade” would require a drastic 
reduction in the cost, size, and com¬ 
plexity of secure telephone equipment. 
That meant creating a market for 
many more units than the government 
and its contractors would purchase. 
Originally, the agency projected a mar¬ 
ket of about 200,000 units for govern¬ 
ment and defense contractors, with an¬ 
other 300,000 units for government 
users who need to discuss sensitive but 
unclassified information. But the 
agency also estimated a demand for 
roughly 600,000 units from the private 
sector—companies concerned enough 
about industrial espionage to take the 
opportunity to buy relatively inexpen¬ 
sive secure phones. That figure may 
prove conservative. Nicholas Piazzola, 
who heads the NSA’s Future Secure 
Telephone System Development pro¬ 


gram office, now estimates that the 
private-sector market could amount to 
more than a million units if the price 
falls to about $2000. 

Piazzola’s group developed the ini¬ 
tial concept of the STU-3 in the early 
1980s, and submitted it to AT&T’s Bell 
Laboratories for comments on its feasi¬ 
bility in August 1983. Bell Labs en¬ 
dorsed the concept, and in the spring of 
1985 NSA selected AT&T, Motorola, 
and RCA to proceed with design and 
production, specifying delivery of the 
first prototypes by June 1986. Each 
contractor had to agree to tool up to 
produce 10,000 units per month and to 
make the first production units avail¬ 
able in April 1987, according to Piaz¬ 
zola. Each contract amounted to about 
$15 million, although Motorola re¬ 
ceived slightly more to underwrite the 
cost of a mobile cellular radio version 
of the STU-3. RCA also contracted to 
design an STU-3 for military command 
and control centers, with a provision to 
enable higher-priority military users 
to interrupt lower-priority calls. 

To maximize production economics, 
the units destined for government and 
commercial customers will be almost 
identical. The units’ plastic security 
keys, however, will differ according to 
the type of user. The read-only, electri¬ 
cally reprogrammable memories for 
both types of key will store the user’s 
identity and organization. The keys of 
government users will also contain the 
owner’s level of security clearance. 
When a call is placed, the information 
contained on each party’s key will be 
displayed on the other party’s handset. 

NSA is expected to produce keys for 
government users, while GTE, one of 
the unsuccessful contenders for the 
STU-3 handset contract, is expected to 
manufacture keys for the general pub¬ 
lic. To guarantee continued security, 
government users will be able to repro¬ 
gram their keys’ memories periodical¬ 
ly, perhaps annually, by calling NSA. 

NSA’s understandable desire for se¬ 
curity accounts for its requirement 
that commercial buyers guarantee not 
to export their STU-3s. Given the com¬ 
plexity and randomness of the coding, 
it is unlikely that foreign governments 
could use pirated units to develop a 
way of listening in on STU-3 conversa¬ 
tions. But NSA wants to minimize the 
risk by constraining export sales as 
much as possible. □ 


Philip J. Klass has covered aerospace and 
defense avionics for three decades at 
Aviation Week and Space Technology. 
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SATELLITES TO AID 
AIR TRAFFIC CONTROL 


Space*based_ 

tracking will 
make ocean_ 

routes safer 

A lthough few airline passengers re¬ 
alize it, the air traffic control 
(ATC) techniques applied to transoce¬ 
anic journeys are 25 years behind 
those used over land. Instead of using 
data from ground-based radars, air 
traffic controllers responsible for air¬ 
craft over water must rely on periodic 
position reports from flight crews, ra¬ 
dioed over a transmission band that 
can often prove unreliable. Thus, con¬ 
trollers must assign a much larger 
block of airspace as a safety cushion 
around aircraft making transoceanic 
flights—a separation of 60 nautical 
miles, versus 30 nautical miles for 
overland flights. As a result, crews on 
transoceanic trips—particularly the 
crowded North Atlantic routes—may 
face the choice between flying at alti¬ 
tudes that are less than optimal for 
speed and fuel economy, and delaying 
their departures to obtain the best 
cruising altitudes. 

A new type of satellite system, due to 
go into orbit in two years, promises to 
overcome these problems. The system, 
known as AvSat (for "aviation satel¬ 
lite”), consists of a communications 
satellite transponder that operates in 
L band frequencies assigned to aero¬ 
nautical operations (1544-59 mega¬ 
hertz for the uplink and 1645-60 MHz 
for the downlink). Three AvSats appro¬ 
priately spaced in geosynchronous or¬ 
bits above the equator could provide 
reliable air-ground communications 
for all aircraft flying between 75° north 
and 75° south latitude. (For planes 
above those latitudes, the earth’s cur¬ 
vature blocks the line of sight to geo¬ 
synchronous satellites.) In addition, a 
network of AvSats could provide air 
traffic controllers with frequent auto¬ 
matic reports on the position and baro¬ 
metric altitude of each suitably 


by Philip J. Klass 



Inmarsat-2, scheduled for launch in 1988, will carry transponders for both aeronau¬ 
tical and maritime service. Inmarsat estimates that a global network of the satellites, 
providing worldwide air traffic control and aircraft telecommunications, will cost 
almost $1 billion. 


equipped aircraft under their control. 
If an aircraft encountered severe tur¬ 
bulence, for example, the flight crew 
could quickly request a different alti¬ 
tude, and the controller could prompt¬ 
ly assess the potential for conflict with 
other aircraft. 

United Airlines is especially eager to 
introduce AvSat data communications 
service in its Pacific operations, recent¬ 
ly expanded by United’s acquisition of 
Pan American’s routes. The carrier 
could use the service to maintain reli¬ 
able communications with aircraft 
during their long flights. Then, if a 
plane needed special maintenance 
when it arrived at a Pacific destina¬ 
tion, the required personnel and re¬ 
placement equipment could be avail¬ 
able when it landed, to ensure a speedy 
turnaround. 

Initially, AvSats will enable aircraft 
to report their positions through a 
technique called automatic dependent 
surveillance. At regular intervals— 


perhaps once every few minutes—each 
aircraft equipped for AvSat service 
will automatically transmit a brief 
message via satellite giving the air¬ 
craft’s identity, latitude, longitude, al¬ 
titude, and perhaps, if enough capacity 
is available, compass heading. The in¬ 
formation will come directly from the 
aircraft’s on-board inertial navigation 
system and its air data computer, 
which determines the aircraft’s baro¬ 
metric altitude. 

By late in this decade, when the new 
satellite-based Navstar/Global Posi¬ 
tioning System becomes fully opera¬ 
tional, aircraft will be able to deter¬ 
mine and report their position far 
more accurately than with current in¬ 
ertial systems. This will enable con¬ 
trollers to monitor oceanic traffic more 
accurately than they do today on over¬ 
land routes using ground radars. Al¬ 
though Navstar was developed by the 
Defense Department for military us¬ 
ers, civil and foreign aircraft can use 
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its signals with only modest loss of 
accuracy (HIGH TECHNOLOGY, July/ 
Aug. 1982, p. 61). The USSR plans to 
deploy a similar system, called Glonass 
(global navigation satellite system), 
but whether its signals will be avail¬ 
able for civilian users is not known. 

An alternative method would use 
AvSats to carry out surveillance inde¬ 
pendently of an aircraft’s on-board 
navigation system, using the time de¬ 
lay between aircraft signals routed via 
two different satellites. But this meth¬ 
od demands that both satellites be in 
the aircraft’s line of sight, and hence 
requires twice as many AvSats. In fact, 
specialists at the International Civil 
Aviation Organization (ICAO) contend 
that the single-satellite approach, 
automatic dependent surveillance, 
should be implemented first, because it 
is less costly. 

The concept of automatic dependent 
surveillance underwent its first feasi¬ 
bility demonstration in August 1985. 
Controllers tracked a Sabreliner busi¬ 
ness aircraft built by Rockwell Inter¬ 
national (Los Angeles), outfitted with a 
receiver for Navstar data and an ex¬ 
perimental transmitter/receiver. The 
plane communicated with an AvSat- 
type satellite, hovering over the At¬ 
lantic, operated by the International 
Maritime Satellite Organization (In¬ 
marsat). The test showed that the sys¬ 
tem worked even with very small an¬ 
tennas aboard the aircraft and at high 
latitudes at which the satellite ap¬ 
peared low above the horizon. 

Inmarsat, a consortium headquar¬ 
tered in London and jointly owned by 
more than 40 maritime nations, oper¬ 
ates a global network of satellites that 
provide voice and data communica¬ 
tions for shipping companies and other 
maritime users. Because the frequency 
bands officially assigned for maritime 
satellite service (1535-44 and 1636-45 
MHz) are next to the band authorized 
for aeronautical service, and because 
Inmarsat is anxious to expand its mar¬ 
ket, the organization decided to design 
its next generation of satellites to oper¬ 
ate at both aeronautical and maritime 
frequencies. British Aerospace (Lon¬ 
don) is now building the first of these 
new-generation Inmarsat-2 satellites, 
with Hughes Aircraft (Los Angeles) as 
a principal subcontractor. The first 
launch is scheduled for 1988, with a 


second to follow in 1990. 

Meanwhile, Inmarsat is encourag¬ 
ing other experiments, which will use 
existing satellites to demonstrate the 
potential of an AvSat communications 
link. For example, British Airways is 
outfitting three of its Boeing 747 jetlin¬ 
ers to offer passengers in-flight radio¬ 
telephone service via an Inmarsat sat¬ 
ellite. Also planning tests of two-way 
communication between aircraft and 
ground stations is Societe Internation¬ 
ale de Telecommunications Aeronauti- 
que (SITA), an organization in Neuilly, 
France, that provides global telecom¬ 
munications services to nearly 250 dif¬ 
ferent airlines. 

To assure the near-term availability 
of suitable airborne AvSat equipment, 
Inmarsat will soon select a company to 


A new satellite 
system promises to 
improve global air 
traffic control 


design and build prototype hardware, 
with delivery scheduled for next 
spring. The contract calls for two dif¬ 
ferent types of avionics equipment. 
The less expensive will provide only 
data communications required for 
automatic dependent surveillance and 
the exchange of such routine air-to- 
ground messages as requests for a dif¬ 
ferent altitude. The more expensive 
type will also provide two or more voice 
channels. Such expanded capacity will 
require aircraft to be equipped with a 
larger, more costly phased array an¬ 
tenna, whose beam can be electronical¬ 
ly pointed at Inmarsat-2. 

More recently, a request for industry 
bids for an airborne AvSat terminal 
was issued by Aeronautical Radio Inc. 
(Arinc), an Annapolis, Md., company 
owned by U.S. airlines, which it pro¬ 
vides with centralized communica¬ 
tions sevices. Although the Arinc 
specifications differ somewhat from 
those of Inmarsat, they also seek basic 
equipment to provide data communi¬ 
cations that can be upgraded to pro¬ 
vide voice service at the user’s option. 


In anticipation of the time, perhaps 
early in the next century, when AvSats 
could replace terrestrial communica¬ 
tions and radar surveillance for U.S. 
domestic service, the Federal Aviation 
Administration earlier asked the Ra¬ 
dio Technical Commission for Aero¬ 
nautics to prepare a conceptual blue¬ 
print for a next-generation air traffic 
control system. RTCA’s final report, 
due soon, closely parallels the current 
views of the ICAO specialists. 

ICAO’s final decision on a transoce¬ 
anic ATC system will eventually have 
important implications for interna¬ 
tional travelers who fly to less devel¬ 
oped nations in Africa, Asia, and South 
America that cannot afford many 
ground-based facilities approved by 
ICAO. Once space-based ATC systems 
come into use for both oceanic and 
overland service, aircraft will be able 
to fly anywhere in the world using a 
single set of standard avionics that will 
provide the same level of performance 
and reliability wherever they are. 

One unresolved issue is ownership of 
AvSats. Should a single agency own 
and operate a global network of the 
satellites, or should several regional 
agencies, independently serving the 
Western Hemisphere, Western Europe 
and Africa, and other geographic 
groupings, do the job? Inmarsat be¬ 
lieves that it is the logical agency to 
operate a global AvSat system, as an 
extension of its worldwide maritime 
service. Separate transponders operat¬ 
ing at maritime and aviation frequen¬ 
cies would share spacecraft, according 
to Olof Lundberg, director-general of 
Inmarsat. 

That could ease perhaps the biggest 
obstacle to early implementation of 
AvSat service—the high cost of its in¬ 
troduction. Inmarsat estimates that 
the cost of setting up its new Inmar¬ 
sat-2 global network will be nearly 
$1 billion. By picking up that tab, 
says Lundberg, Inmarsat will enable 
financially pressed airline companies 
to plug into AvSat service without 
any major investment beyond the 
$100,000-$200,000 per plane neces¬ 
sary to outfit their aircraft with AvSat 
avionics. □ 


Philip J. Klass has covered aerospace and 
defense avionics for three decades at 
Aviation Week & Space Technology. 
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TWO-EYED ROBOTS 



Work begun at MIT in the 1970s led Schlumberger Lab research scientist Keith 
Nishihara to a practical stereoscopic vision system. 


But two new stereoscopic systems 


Dual cameras will 
allow faster 
assembly without 
the drawbacks of 
current 3-D vision 

T he era of two-eyed industrial ro¬ 
bots has begun, as researchers in 
the U.S. and Canada unveil machine 
vision systems that use two video cam¬ 
eras to perceive depth the way humans 
do. While three-dimensional machine 
vision systems have so far been used 
primarily for product inspection in fac¬ 
tories, the new systems promise to 
greatly expand the versatility of fac¬ 
tory robots. Stereoscopic vision aug¬ 
ments high-speed robotic assembly, 
since a detailed 3-D map of its sur¬ 
roundings permits a robot to position 
components faster. It may also be used 
for guiding fast-moving, self-navigat¬ 
ing robot drones. 

And because stereoscopic vision en¬ 
ables robots to find parts amid a ran¬ 
dom, irregular background, the robots 
can be more effective at tasks like bin 
sorting; in most current applications, 
they can select only parts that have 
been prearranged in a magazine or on 
an assembly line. 

As in human eyesight, stereoscopic 
machine vision merges two pictures 
into a single image, calculating depth 
by measuring the apparent displace¬ 
ment of an object between the two 
"eyes.” Thus the closer the object, the 
greater its displacement. But until re¬ 
cently, the images of the two cameras 
could not be brought into registration 
quickly enough to be practical for in¬ 
dustrial use. It’s hypothesized that the 
human brain makes millions of compu¬ 
tations, many simultaneously, to con¬ 
struct a comprehensive 3-D image. Se¬ 
rial computers, performing only one 
task at a time, cannot do that in the 
fraction of a second necessary for deci¬ 
sion making in many industrial 
processes. 


by Daniel Sweeney 


are said to permit rapid depth percep¬ 
tion in a typical factory environment. 
Keith Nishihara, chief researcher in 
two-eyed vision at Schlumberger Labs 
in Palo Alto, Cal., says his system is 
ready for commercialization. 

Refining work he did at MIT in the 
late 1970s, Nishihara speeds up stereo 
vision by reducing the amount of im¬ 
age analysis needed to register right 
and left camera shots. Rather than 
processing full-resolution images, Ni- 
shihara’s computer program finds 
patches of uniform light intensity in 
one image and merges them with iden¬ 
tical patches in the other. This abbrevi¬ 


ated correlation process cuts comput¬ 
ing time enough for industrial 
applications. 

However, the low resolution of the 
images prevents object identification; 
the system can tell a robot how far 
away an object is, but can’t determine 
precisely what it is. Thus Nishihara’s 
system is designed for applications re¬ 
quiring distance measurements only. 
Tomaso Poggio, a former colleague of 
Nishihara’s at MIT and now a consul¬ 
tant for Thinking Machines (Cam¬ 
bridge, Mass.), is developing parallel 
processing computer programs that | 
provide high-resolution 3-D by process- § 
ing the two camera images simulta- | 
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neously, while running other vision 
subprograms like recognition of an ob¬ 
ject for which a robot may be search¬ 
ing. However, high-powered comput¬ 
ers capable of making such parallel 
calculations are largely developmental 
and too expensive for industrial ma¬ 
chine vision. Poggio doesn’t expect 
such systems to be widely available for 
several years. 

Meanwhile, a system developed by 
Automatic Vision (Vancouver, B.C.) 
for analyzing terrain gradients in aeri¬ 
al photographs is now being offered to 
industrial users. Advance orders for 
the vision module, priced around 
$15,000, should be filled beginning this 
year, says company president Theo¬ 
dore Hobrough. 

Automatic Vision takes a different 
approach to stereoscopic depth percep¬ 
tion, measuring the voltage-pulse 
wave forms that represent the image 
after it is converted to an electrical 
signal by the video camera. Since two 
cameras viewing the same image pro¬ 
duce identical wave forms. Automatic 
Vision matches up the waves between 
right and left cameras and then calcu¬ 
lates displacement by measuring the 
difference in the phase, or timing, of 
the wave sets. 

This system provides high-speed 
depth perception and the potential for 
high resolution. But because the basic 
module computes only the phase dif¬ 
ference—the measure of distance—ad¬ 
ditional software must be used to fur¬ 
ther process the video image for tasks 
such as object identification. 

Other methods of depth perception 
are already being used by industry. 
Most of the current techniques— 
which find the range, or distance, to an 
object—project an audio, microwave, 
or light signal toward an object and 
receive the reflection at a sensor or 
sensor array. The simplest ranging sys¬ 
tems, such as ones developed by Gener¬ 
al Motors (Detroit) and the Stanford 
Research Institute (Palo Alto, Cal.), 
use a projector and video camera, 
which are coupled to a computer that 
determines distance to the object by 
elementary trigonometric calculations 
based on readings of the light’s path. 
Ultrasound systems measure the 
elapsed time between the emission of a 


sound wave and the reception of its 
echo at a microphone. Although a so¬ 
nar method developed by Cochlea (San 
Jose, Cal.) can detect object contours, 
most ranging systems calculate dis¬ 
tance to an object only; they cannot 
provide a comprehensive 3-D picture of 
a work space. What’s more, ranging 
methods require additional 3-D sys¬ 
tems to perform other vision functions 
like pattern recognition or object 
identification. 

Monocular vision systems, using a 
single video camera, may also be pro¬ 
grammed for depth perception, by 
comparing the apparent size of an 
object viewed at a distance to its actual 
size, or the apparent velocity at which 
it crosses the field of view compared 
with its actual, known velocity. How¬ 
ever, values like actual size and veloci¬ 
ty must be preprogrammed into the 
system, limiting its ability to handle 
the unexpected. 

Another method of depth perception 
uses colored light projected in bar or 
grid patterns, with video cameras to 
pick up the deflection pattern caused 
by the objects in the light field. By 
analyzing the amount of deflection, a 
computer determines an object’s depth 
dimensions. Thus, this "structured 
light” approach is employed extensive¬ 
ly for checking parts. GM uses its Con- 
sight method in assembly plants, and 
Diffracto (Windsor, Ont.) offers anoth¬ 
er system. The National Bureau of 
Standards (Gaithersburg, Md.), Stan¬ 
ford Research, and Jet Propulsion Lab¬ 
oratory (Pasadena, Cal.) are also devel¬ 
oping systems. 

Since inspection tasks account for 
about 75% of the current industrial 
vision market, structured light dimen¬ 
sioning has strong market promise, 
says John Meyer, president of Tech 
Tran Consultants (Lake Geneva, Wis.). 
Such noncontact inspection systems, 
he says, are faster than conventional 
touch-gauging while remaining rela¬ 
tively low in price. 

However, structured light requires 
dim illumination; a special environ¬ 
ment must be provided on the factory 
floor. Since most other vision systems 
need bright illumination, they can’t be 
combined with structured light to per¬ 
form additional vision tasks. 


Recognizing this limitation, the Del¬ 
phi study of machine vision, completed 
in June by the University of Michigan, 
identified stereoscopic systems as one 
of the top vision priorities of U.S. auto¬ 
makers. The report also concluded 
that stereo vision, necessary for part 
selection and orientation by robots or 
other material-handling devices, will 
reduce the dependence on specialized 
lighting conditions for 3-D techniques 
like structured light. 

S ince they fit well into factory envi¬ 
ronments and promise both range 
finding and object identification, ste¬ 
reoscopic systems "have tremendous 
potential,” says Marcia Brooks, a se¬ 
nior analyst at International Data 
Corp. (Framingham, Mass.). Neverthe¬ 
less, she warns that prices for such 
systems must be moderate, and that 
vendors of stereoscopic and other vi¬ 
sion systems must pay closer attention 
to fitting their products to specific ap¬ 
plications. A common fault in the in¬ 
dustry so far, she says, has been to 
assume that off-the-shelf vision sys¬ 
tems can be used in a wide array of 
applications. "You can develop the ba¬ 
sic technology,” she says, "but then 
you have to make it do something.” 

If they succeed at this, 3-D vision 
vendors stand to profit: Meyer of Tech 
Tran forecasts that 3-D’s share of the 
vision market will grow from its cur¬ 
rent 10% to about 25% by 1990. At the 
same time, he says, total machine vi¬ 
sion sales will expand by about 40% 
annually from their current level of 
about $100 million. 

Most 3-D industrial applications will 
remain in inspection, according to the 
analysts. Although stereoscopic vision 
systems will greatly enhance robot 
guidance, continued sluggish growth 
in robots will hold back wider use of 
vision to control them, Brooks says, 
even as robot makers and vision sup¬ 
pliers become more responsive to the 
needs of potential customers. But this 
situation will eventually change. "3-D 
just hasn’t reached its time yet,” she 
says. "It will explode, but that’s still 
several years away.” □ 


Daniel Sweeney is a freelance electronics 
writer based in Burbank, Cal. 
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Two congressmen keep 
technology policy on the agenda 
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Despite its potential 
role in restoring U.S. 
competitiveness, the 
development of a com¬ 
prehensive technology 
policy has not been a 
high priority for most 
members of Congress. 

But there are two ma¬ 
jor exceptions. 

Congressman Tim 
Wirth (D-Colo.), the 
Democratic candidate 
for senator from Colo¬ 
rado, was among the 
first members of Con¬ 
gress to raise the issue 
of a technology policy. Democrat Wirth: “The U.S. is 
As 1982 chairman of being played for a sucker in 
the Democratic Special international trade, and Con- 
Task Force on Long- gress has to pressure the ad- 


crats want to target 
specific industries for 
support while the Re¬ 
publicans would target 
the process of innova¬ 
tion. "The government 
is not smart enough to 
pick winners and los¬ 
ers,” says Zschau, "but 
it can create the envi¬ 
ronment in which the 
private sector does.” 

Wirth maintains 
that the Democrats do 
not want to pick win¬ 
ners and losers per se, 
but that they do sup¬ 
port a more direct fed¬ 
eral role in stimulating 
innovation and eco¬ 
nomic growth. Whereas 


Term Economic Policy, rnimstratwn to take a stronger Zschau would place 
Wirth wrote Rebuild- P osltton - 
ing the Road to Oppor¬ 
tunity, a proposed program to stimu¬ 


late economic growth by capitalizing 
on the potential of high technology to 
revive traditional industries and cre¬ 
ate new ones. Wirth’s report called for 
policies to increase government sup¬ 
port for R&D, stimulate capital forma¬ 
tion, reduce the federal deficit, and 
support education and training. 

Congressman Ed Zschau (R-Cal.), 
who represents Silicon Valley and is 
challenging Alan Cranston for a Sen¬ 
ate seat, played a similar role for 
House Republicans. As chairman of 
the Republican Task Force on High 
Technology Initiatives, he has pub¬ 
lished two editions of Targeting the 
Process of Innovation, which offers a 
Republican high technology policy. 
Like the Democratic proposals, 
Zschau’s report calls for a commitment 
to R&D, incentives for risk taking and 
capital formation, an adequate supply 
of skilled workers, and expansion of 
market opportunities through reduc¬ 
ing the federal deficit and introducing 
a tougher trade policy. 

Zschau says the approaches of the 
two parties differ in that the Demo¬ 


sponsibility for improv¬ 
ing primary and sec¬ 
ondary education completely in the 
hands of state and local government, 
for example, Wirth sees a need for 
federal action and support. Likewise in 


Republican Zschau: “In terms of its im¬ 
pact on jobs and economic growth, a 
dollar spent on defense is of less value 
than a dollar spent in the private sector 
on research. ” 


worker training, Zschau recommends 
incentives such els tax-exempt Individ¬ 
ual Training Accounts that would let 
workers put aside money to pay for 
retraining; Wirth supports this, but 
adds that the government ought to 
shoulder some of the burden as well. 
"We have to face up to the cost of 
retraining,” says Wirth. "That’s going 
to be an expensive item, but cheap in 
the long run. We need the equivalent of 
a GI bill for workers.” 

Although four years have passed 
since Wirth published his report, he 
believes that the recommendations are 
still sound—and still in need of imple¬ 
mentation. "The report changed the 
terms of the debate and opened new 
policy options,” says Wirth, "but the 
major proposals have not been adopt¬ 
ed.” An area that Wirth has added to 
his agenda is trade relations. "The U.S. 
is being played for a sucker in interna¬ 
tional trade,” he says, "and Congress 
has to pressure the administration to 
take a stronger position. The adminis¬ 
tration pursues the myth that the 
world is operating under rules of free 
trade, but wishing for it isn’t going to 
make it happen.” Zschau would grant 
the U.S. Trade Representative more 
power in dealing with unfair trade 
practices but is less willing to criticize 
Reagan administration efforts. 

Zschau does disagree with the ad¬ 
ministration on some issues. He is 
concerned, for example, that the large 
share of federal R&D funds going to the 
military will have a negative effect on 
the economy. "In terms of its impact on 
jobs and economic growth, a dollar 
spent on defense is of less value than a 
dollar spent in the private sector on 
research,” claims Zschau. "We should 
be frugal in our allocation of research 
funds to defense.” He also disapproves 
of the administration’s desire to elimi¬ 
nate the Commerce Department’s Of¬ 
fice of Productivity, Technology and 
Innovation; to do so, he says, would be 
"a tragic mistake.” Managed by assis¬ 
tant secretary Bruce Merrifield, it is 
the only office among federal agencies 
that is devoted to promoting technolog¬ 
ical competitiveness. Republicans and 
Democrats recently rallied to support 
the office, approving funds to continue 
its operation through fiscal 1987. 
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Zschau sees the Republican Task 
Force on High Technology as a mecha¬ 
nism to coordinate technology policy. 
He points out that seven of the 14 
recommendations from the task force’s 
1984 report have become law. These 
include increased government support 
for civilian basic research, changes in 
antitrust laws to encourage joint R&D, 
and several trade enhancement mea¬ 
sures. Still, he notes, all of these areas 
need more attention. "At present,” 
says Zschau, "we have a de facto tech¬ 
nology policy—the sum of many sepa¬ 
rate decisions on such issues as R&D, 
taxes, and trade.” □ —Kevin Finneran 

Implants relieve 
chronic back pain 

Thousands of people once afflicted 
with chronic back pain are now living 
relatively pain-free because of small, 
surgically implantable computerized 
pulse generators that mask pain. The 
generator’s integrated circuitry sends 
an electrical pulse to the spinal cord, 
apparently causing the brain to regis¬ 
ter a tingling sensation instead of pain. 
Although the generators still face sev¬ 
eral technical and marketing hurdles, 
manufacturers claim that the market 
for the devices may one day surpass 
that for cardiac pacemakers. 

The pulse generator concept has 
been applied to various medical disor¬ 
ders since 1967, but the new implants 
owe their existence to recent miniatur¬ 
ization techniques. One popular mod¬ 
el—the Itrel Portable Programmer, 
manufactured by pacemaker pioneer 
Medtronic (Minneapolis)—is only 
about 2'A inches long and half an inch 
thick, and weighs a little more than an 
ounce. The device is implanted in the 
stomach area in a simple operation, 
and two electrical leads are snaked 
under the skin to the spinal cord. 

Slightly more than half the recipi¬ 
ents report a dramatic reduction in 
pain (although side effects commonly 
include decreased blood flow to the 
extremities and increased sweating). 
And pain that is not transmitted by the 
spinal cord—such as that associated 
with strokes and head injuries—may 


be controlled by implanting the leads 
directly into the brain. 

"I see a big future in these devices as 
they become more sophisticated and 
easier to use,” says neurosurgeon 
Giancarlo Barolat at Thomas Jeffer¬ 
son University in Philadelphia, who 
has implanted about 100 of the genera¬ 
tors. "They’re not causing any damage 
to the nervous system, and the proce¬ 
dure is reversible.” 

So far, about 30,000 Americans have 
received the implants. Medtronic sold 
about 3000 of the devices during 1985, 
at an average distributed price of 
$2000 each. Other manufacturers in¬ 
clude Cordis Corp. (Miami), Neuromed 
(Ft. Lauderdale, Fla.), and Avery Labo¬ 
ratories (Farmingdale, N.Y.). 

Researchers claim that chronic, in¬ 
tractable back pain can be relieved 
either by preventing certain electrical 
signals from reaching the brain or by 
"masking” the signals so the brain 
interprets them as something other 
than pain. And while the exact mecha¬ 
nism by which the generators relieve 
pain is still unknown, three theories 
have been advanced: 

• The pulses from the generator 
reach the brain before the pain signals, 
in effect superseding them. 

• The pulses trigger internal secre¬ 
tions of pain-relieving chemicals such 
as those presumably responsible for 
"runner’s high.” 

• The electrical impulses scramble 
the pain signals to the brain so that 
pain is felt instead as a tingling in the 
extremities. 

The magnetically activated genera¬ 
tor runs on a lithium battery; pulse 
rate and amplitude are preset on a 
small desktop programming unit by 
the physician or the manufacturer’s 
representative. To turn the generator 
on or off, the patient simply presses a 
donut-shaped magnet into the skin 
above the implant. 

Despite its simplicity and its effec¬ 
tiveness in many patients, the genera¬ 
tor still lacks broad acceptance by 
physicians. One reason for their reluc¬ 
tance, says Medtronic sales specialist 
John Williamson, is that "a lot of doc¬ 
tors are very hesitant about putting 
electronic gear into a patient.” Anoth¬ 
er is the obvious risk associated with 


implanting the electrodes in the brain 
or the spinal cord; in fact, only 5-10% 
of the nations’s 3000 neurosurgeons 
have performed the operation. 

Yet another reason is physicians’ 
hypersensitivity to the possibility of 
malpractice suits. Robert Richardson, 
chief of the Section of Physiological 
Neurosurgery at Mt. Sinai Hospital 
Medical Center in Chicago, asserts 
that many chronic pain patients are 
heavily dependent on narcotics and 
are "litigation-prone.” 

Nor have manufacturers had an 
easy time convincing surgeons and 
cost-conscious hospital administrators 
to purchase the implants and program¬ 
mers—packages that can run as high 
as $6000. Nevertheless, producers 
hope that a better understanding of 
how the implants work in the body will 
lead to broader acceptance by the med¬ 
ical community. That acceptance, 
moreover, could lead to an entirely 
new generation of implants: while 
pain-control generators are the only 
ones that now have FDA approval, sim¬ 
ilar devices might one day help treat 
other disorders—including severe obe¬ 
sity, depression, hearing and vision 
loss, and seizures—by implanting the 
leads into various regions of the 
brain. □ — Barry Rosenberg 

Cuban 

biotechnology 
aims for fast results 

Though cut off politically and economi¬ 
cally from the U.S. for the past 25 
years, Cuba has set itself an ambitious 
scientific agenda. Spurred by about 
40,000 researchers and support staff¬ 
ers, Cuban research spending of all 
kinds has about doubled during the 
past five years, standing now at close to 
$165 million (slightly more than 1% of 
the national budget). 

"Cuba has no gold or diamonds,” 
says Jose Fernandez Alvarez, minister 
of education. "We have to use our 
greatest wealth—our intellects—to 
substitute for the scarcity of re¬ 
sources.” 

One intellectual asset, biotechnolo- 
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Cuba’s sugarcane crop and the nation’s biotechnology agenda are closely inter¬ 
twined. Not only are researchers using new genetic engineering techniques to devel¬ 
op disease-resistant sugarcane varieties, but crop byproducts are used to grow yeast 
as a high-protein food supplement for animals and humans. 


gy research, is becoming an increasing¬ 
ly important means of transforming 
Cuban science into commercial health 
and agricultural products. Programs 
now under way include animal vac¬ 
cines, interferon, biomass conversion, 
and high-protein food additives. While 
many of the new products and process¬ 
es are pegged to domestic applications, 
some are also being tagged for export 
as part of Cuba’s political plan to pro¬ 
vide technical and medical assistance 
to the third world. 

Cuban vaccine researchers recently 
cloned the toxin gene of the microor¬ 
ganism that causes red water fever, a 
hemorrhagic disease of cattle. The dis¬ 
ease is a major problem in Latin Amer¬ 
ica, and sometimes affects herds in the 
U.S. "I think this is the first group in 
the world to isolate this toxin gene,” 
says Alejandro Silva, chief of microbi¬ 
ology at the five-year-old Center for 
Biological Research (CIB by its Spanish 
acronym). Studies are now being con¬ 
ducted to determine whether the toxin 
protein can be used as a vaccine 
against the disease. 

CIB was originally founded to supply 
Cuban doctors with interferon (derived 
from human white blood cells) for test¬ 
ing against cancer and viral diseases. 
Interest in interferon arose in part 
because of an outbreak of Dengue fever 


in late 1980 that struck about 300,000 
people and killed about 160. Out of 
desperation, interferon was used in 
some patients, and is credited with 
saving the lives of several children. 

The protein is also used experimen¬ 
tally by Cuban researchers against a 
variety of other diseases, including la¬ 
ryngeal papillomatosis (a type of 
throat tumor), hepatitis B, and certain 
types of lung cancer. 

Cuba is now the world’s second larg¬ 
est producer of human-derived inter¬ 
feron (the U.S. and Finland are rough¬ 
ly tied for first) because of the 
country’s extensive blood-donor sys¬ 
tem; the state-owned pharmaceutical 
firm, MediCuba, plans to market sev¬ 
eral forms of interferon around the 
world. The company also includes ge¬ 
netically engineered interferon in its 
product line, but commercialization 
plans are still unclear. "Our interferon 
work has become a model for immuno¬ 
logical research, genetic engineering, 
monoclonal antibody production, and 
other developments,” says CIB director 
Manuel Limonta Vidal. 

At the National Center for Scientific 
Research (CNIC), meanwhile, geneti¬ 
cists are working on new methods for 
improving sugarcane, the nation’s 
most important crop; Cuba produces 
about 8 million tons of sugar per year, 


most of which is sold to the Soviet 
Union. "This work is really still an 
art,” says CNIC’s Rodolfo Maribona, 
who was trained in genetics and pro¬ 
tein synthesis in the Soviet Union. 

One such method is called soma- 
clonal variation, a process by which 
cells from a single plant can be induced 
through hormone manipulation to de¬ 
velop into variants that exhibit new 
genetic properties. Such properties in¬ 
clude disease resistance, salt tolerance, 
and higher yield. For example, CNIC 
researchers are creating sugarcane va¬ 
rieties that are resistant to the fungal 
disease caused by the organism H. sac- 
chari. Cultured plant cells are first 
subjected to the purified fungal toxin 
protein; of the variants grown from the 
culture, some exhibit unusual resis¬ 
tance to the fungus. Moreover, the re¬ 
sistance trait appears to be stable in 
the adult plants and in subsequent 
generations, according to Maribona, 
and one variant has been immune to 
the disease for three years. 

But refined sugar is not the only 
foodstuff obtained from the sugarcane. 
Up to 100,000 tons of poultry and pig 
feed is produced annually by growing 
yeast on sugarcane byproducts. Such 
yeast products are too rich in nucleic 
acids for human consumption; howev¬ 
er, yeast from which the acids have 
been extracted is now being safety- 
tested. Within five years, Cuba expects 
to use such yeast as a high-protein 
human food supplement. 

The Cubans also make nonfood prod¬ 
ucts from the sugarcane residue. Sev¬ 
eral factories produce fiberboard and 
paper from the plant fibers, for exam¬ 
ple, and the wax of the cane is used for 
coating fresh fruits and as a base for 
cosmetics. Scientists at the University 
of Havana are studying the wax as a 
possible raw material for drug and fine 
chemical production. 

Because of political and economic 
factors, Cuba’s immediate scientific 
goals are obviously somewhat different 
from those of the United States. In 
general, the nation’s tasks are more 
pragmatic and are geared to a faster 
payoff. Still, many Cuban programs 
seem to parallel those of biotech com¬ 
panies in the U.S. and Western Eu¬ 
rope. On a recent visit to CIB, in fact, 
one American geneticist commented: 
"It’s just like a small gene-cloning com¬ 
pany.” That assessment may reflect 
both the limitations and strengths of 
Cuba’s biotechnology agenda. □ 

—Jeffrey L. Fox and Julie Ann Miller 


88 HIGH TECHNOLOGY/NOV I 














Save up to * 48 . 



Mail subscription to: □ Company □ Home 

HomeAMnas 

Citr/SwriZip 


6. INDICATE THE TYPE OF 
BUSINESS AT YOUR LOCATION. 
CHECK ONE ONLY. 

□ Manufacturing 
Major Product of 
Company or Division: 

□ Chemicals or Allied Products 

□ Machinery 
(Except Electrical) 

□ Electrical or 
Electronic Equipment 

□ Transportation Equipment 

□ Measuring/Controlling 
Instruments 

□ Other: 


Government or Military 
Construction/Engineering 
□ Services: 

Please Note Type: 

□ Computer or Software 

□ Other: 


□ Save $48: 36 issues of High Technology for $60. 
That’s $48 off the newsstand price. 

□ Save $6: 12 issues of High Technology for $30. 
That’s $6 off the newsstand price. 

□ Bill me. □ Payment enclosed. 

ITEMS 1-7 MUST BE COMPLETED BEFORE 
SUBSCRIPTION CAN BE ENTERED. 


4ASE1 


□ Public Utilities 

□ Finance, Insurance 
or Real Estate 

□ Other: 


7. INDICATE YOUR PRINCIPAL JOB 
FUNCTION. CHECK ONE ONLY. 

□ General Management 

□ Manufacturing/Operations 

□ Engineering 

□ EDP/MIS 

□ Research and Development 

□ Communications 

□ Purchasing 

□ Other: 


Those not qualifying may 
pay more than the basic rate. 
Please allow 4-6 weeks 
for delivery of first issue. 
One year subscription 
to Canada: $30 (US). 
All other foreign: $43 (US). 
Basic rate: 12 issues $30. 


Free information: A reader service. 


Use this card for quick information about the prod¬ 
ucts and services advertised in High Technology. To 
receive information circle the reader service number 
appearing on each ad. Be sure to answer all ques¬ 
tions completely. This information will help manu¬ 
facturers reply more specifically to your request. 

name _ 


PHONE 


COMPANY 


ADDRESS 


CITY/STATE/ZIP 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


PLEASE CHECK THE 
APPROPRIATE INFORMATION: 

1. YOUR FUNCTION 

□ 1. Corporate Management 

□ 2. Technical Management 

□ 3- R&D Management 

□ 4. Engineering 

□ 5. Other 


4. TYPE OF INDUSTRY 

Manufacturing: 

□ A. Electrical Equipment 

□ B. Professional/Scientific 

Instruments 

□ C. Transportation 

□ D. Machinery (except elec.) 

□ E. Chemicals 

□ F. Other 


2. NUMBER OF EMPLOYEES 
IN COMPANY 

□ A. Under 50 

□ B. 50-99 

□ C. 100-499 

□ D. 500-999 

□ E. 1000-2499 

□ F. 2500-4999 

□ G. 5000-9999 

□ H. 10,000 or over 


□ 1. Recommend 


□ 2. Specify 

□ 3. Approve 


□ G. Financial 

□ H. Professional/Business 

□ I. Government 
□J. Other 




Thl* card expires February 1,1M7 


It$ 

But low cost 


























Business Reply Mail 

First Class Permit No. 68, Boulder, Colorado JL J 
Postage will be paid by. 

HigKIechndcgy 

P.O. Box 2808 

Boulder, Colorado 80321-0001 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 



lliililliiiiiiliiililit 


Business Reply Mail 

First Class Permit No. 27, Woburn, Mass 1 J 


Postage will be paid by: 


Higjilklinobgy 

Reader Service Department 
P.O. Box2183 

Woburn, Massachusetts 01888 


,11.1.1.1 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 




















RESOURCES 


Information sources for topics 
covered in our articles 

Four Tigers, p. 19 

General 

Two reports on each country are available 
from the U.S. Dept, of Commerce: The 
Overseas Business Report (OBR) and For¬ 
eign Economic Trends and their Implica¬ 
tions for the United States (FET). OBR is 
issued when deemed necessary; FET re¬ 
ports are issued semiannually. Avail¬ 
able from Superintendent of Docu¬ 
ments, GPO, Wash., DC 20402, (202) 
783-3238. FET $66/yr„ OBR $29/yr. 

Pacific Rim Report, La Costa Communica¬ 
tions, P.O. Box 9000-516, Carlsbad, CA 
92008, (619) 438-8862. Monthly newslet¬ 
ter on Pacific Rim countries. 

"The 'Four Tigers’ are pouncing on Ja¬ 
pan’s markets.” Leslie Helm. Business 
Week, Mar. 24,1986. 

South Korea, p. 20 

Contacts 

Korea Scientists and Engineers Assn, in 
America, 6261 Executive Blvd., Rock¬ 
ville, MD 20852, (301) 984-7084. 

Korea Trade Promotion Ctr., 460 Park 
Ave., 4th FI., New York, NY 10022, (212) 
826-0900. 

U.S.-Korea Society, 725 Park Ave., New 
York, NY 10021, (212) 517-7730. 

American Chamber of Commerce in Ko¬ 
rea, Choson Hotel, 4th FI., 87 So-Kong- 
Dong, Chung-Ku, Seoul, South Korea. 

References 

Business Korea. Yoido, P.O. Box 273, Seoul 
150, South Korea. $60/yr. (monthly). 

News from Daewoo, 420 Lexington Ave., 
New York, NY 10017. Free (quarterly). 

Annual Review. Korea Advanced Institute 
of Science and Technology, P.O. Box 131, 
Chengryang, Seoul, South Korea. 

"Country report: Korea.” Journal of the 
Asia Electronics Union (Dempa Publica¬ 
tions, New York), Jan. 1986. 

"Special report: Asia.” Electronics Week, 
Apr. 29,1985. 

"The Koreans are coming.” Business 
Week, Dec. 23,1985. 

Taiwan, p. 24 

Contacts 

Science-Based Industrial Park, 1 Hsin Ann 
Rd., Hsinchu, Taiwan, tel. (035) 773311, 
telex 32188 NSCIPA. 

American Inst, in Taiwan, 17th FI., 1700 
N. Moore St., Arlington, VA 22209, (703) 
525-8474. 

Coordination Council for North American 
Affairs, 4301 Conn. Ave., NW, Suite 420, 
Wash., DC 20008, (202) 244-0822. 

China External Trade Development Coun¬ 
cil, 41 Madison Ave., 14th FL, New 
York Merchandise Mart, New York, NY 
10010,(212)532-7055. 


References 

Information Industry Yearbook (Jan. 
1986). China Economic News Service, 
P.O. Box 43-60, Taipei, Taiwan 106. Lists 
Taiwan makers of computers, communi¬ 
cations equipment, etc. 

"Y. C. Wang gets up very early in the 
morning.” Andrew Tanzer. Forbes, July 
15, 1985. A profile of one of Taiwan’s 
leading businessmen. 

Hong Kong, p. 28 

Contacts 

Industrial Promotion Office, 1 Post St., 
Crocker Plaza Bldg., Suite 2130, San 
Francisco, CA 94104. 

American Chamber of Commerce in Hong 
Kong, 1020 Swire House, Charter Rd., 
Central, Hong Kong, tel. 5-260165, telex 
83664. 

Chinese Manufacturers Association of 
Hong Kong, CMA Bldg., 6465 Connaught 
Rd., Central, Hong Kong, tel. 5-456166. 

References 

"Hong Kong: The year the dominoes fell.” 
David Dodwell. Financial Times, June 
26, 1986. A look at bad times for the 
Hong Kong electronics industry. 

"China opens the door to U.S. electronics 
firms.” A1 Furst. Electronic Business, 
Mar. 15,1986. 

"Confidence is building in Hong Kong.” 
Louis Kraar. Fortune, June 11, 1984. 
Good background on Hong Kong’s 
economy. 

Singapore, p. 33 

Annual Report (1984/85). Overview of the 
republic’s economic and technological 
goals and achievements. Singapore Eco¬ 
nomic Development Board (EDB), 745 
Fifth Ave., Rm. 1509, New York, NY 
10151,(212)421-2203. 

The Singapore Economy: New Directions. 
Feb. 1986. A 234-page report and recom¬ 
mendations, published through the Min¬ 
istry of Trade and Industry. For copies, 
contact the EDB. 

A guide to doing business in the ASEAN 
region. June 1985. ASEAN-U.S. Business 
Council, U.S. Chamber of Commerce, 
1615 H St., NW, Wash., DC 20062, (202) 
463-5486. Valuable business tips on Sin¬ 
gapore and five other Southeast Asian 
countries. 

"A hard landing awaits Singapore.” Lee 
Smith. Fortune, Jan. 20, 1986. A review 
of political and business conditions. 

Silicon done your way, p. 38 

The Technology Research Group Newslet¬ 
ter. The Technology Research Group, 2 
Park Plaza, Suite 510, Boston, MA 
02116. Monthly coverage of CAE and 
ASIC developments. $495/yr. 

"Why silicon compilers are starting to take 
off.” Jonah McLeod. Electronics, July 
24,1986. Review of recent developments 
in silicon compilation. 


"Stretching the limits of ASIC software.” 
Bernard Conrad Cole. Electronics, June 
23, 1986. Why better design tools are 
needed. 

"A chip business that is still growing.” 
Bernard Conrad Cole. Electronics, July 
22, 1985. Good survey of ASIC innova¬ 
tion. 

"Computer-aided design for VLSI circuits.” 
A. R. Newton & A. L. Sangiovanni-Vin- 
centelli. IEEE Computer, April 1986. Ac¬ 
ademic but comprehensive survey of 
methods and tools for VLSI design, in¬ 
cluding ASICs. 

"Computer-aided design of integrated cir¬ 
cuits.” Harold W. Carter. IEEE Comput¬ 
er, April 1986. Excellent introduction to 
integrated circuit design with emphasis 
on design automation. 

"Chip design made easy.” Jeffrey Bair- 
stow. High Technology, June 1985. Re¬ 
view of workstations and tools for elec¬ 
tronic design automation. 

"Superchips face design challenge.” John 
G. Posa. High Technology, Jan. 1983. 
Good introduction to VLSI design. 

Eyes on the sky, p, 46 

Contact 

Public Affairs Office, USAF Electronic Sys¬ 
tems Division, ESD/PAM, Hanscom, MA 
01731, (617) 377-4064. 

References 

"Phased-array radars.” Eli Brookner. 
Scientific American, Feb. 1985. An 
introduction to phased array tech¬ 
nology. 

"Pave Paws, BMEWS radar site updates 
will broaden missile threat coverage.” 
Aviation Week, Dec. 9, 1985. An outline 
of plans for upgrading U.S. ballistic mis¬ 
sile preparedness. 

"New radar installations promise 360-deg. 
air defense perimeter.” Aviation Week, 
Dec. 9, 1985. A review of over-the-hori- 
zon radar and the North Warning 
System. 

"North American air defense moderniza¬ 
tion.” Lt. Marie-Claire Gosselin & 
Lt. Yvon Noel. Signal, March 1986. A 
rundown of Canadian-American cooper¬ 
ation in protecting the continent against 
bombers and cruise missiles. 

Consumer Dept. (Houses), p. 53 

Coming in from the Cold — Energy-Wise 
Housing in Sweden. Lee Schipper, Ste¬ 
phen Meyers & Henry Kelly. Seven 
Locks Press, Cabin John, MD, 1985. 
Details and illustrations of Swedish 
house-manufacturing processes. 

Technology, Trade and the U.S. Residential 
Construction Industry. Sept. 1986. Avail¬ 
able from Superintendent of Docu¬ 
ments, GPO, Wash., DC 20402, (202) 
783-3238. A look at factory-based con¬ 
struction of homes. 
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NATIONWIDE SALES AGENT 


Nihon Keizai Shimbun America, Inc. 


NEW! VIDEO CASSETTE RE¬ 
WINDER! Free details! Midland Mail 
103-HV, Godwin, Midland Park, NJ 
07432. 


‘Grand Canyon', 2-hour sr 

helicopter exploration VIDEO, Breath¬ 
taking music. Critically acclaimed. De¬ 
tails FREE. Beerger Productions, 3217- 
V25, Arville, Las Vegas, Nevada 89102. 
(702) 876-2328. 



MANUFACTURING 

1 

PATENTS & 
INVENTIONS 

M 

EDUCATION 


PRINTED CIRCUIT BOARD MANU¬ 
FACTURERS. Low Quotes, High Quali¬ 
ty, Quick Service. Single, Double-sided, 
Multilayerd Boards. Prototypes Through 
Production Quantities, Design/Layout 
Capabilities. Board Assembly, R&D, 
Turnkey Facilities. Call or write for 
quotes and info. - T.O.R.C.C.C., 1131 
Tower, Schaumburg, Illinois 60195, 
(312) 490-1374. 


Inventors! Call AIM-We present 

ideas to manufacturers. For free Infor¬ 
mation kit, 1-800-225-5800. 


NEW IDEA? American Patent in 

Washington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit—1-800-257-7880. 


A UNIVERSITY DEGREE CAN UN¬ 
LOCK YOUR EARNING POWER. Com¬ 
plete your B.A., M.B.A., Ph.D., or J.D. 
Credit for Occup./Prof. experience. No 
classroom attendance required. Regis¬ 
tered with California Committee of Bar 
Examiners. KENSINGTON UNIVERSI¬ 
TY, 330 N. Glendale Avenue, Glendale, 
CA 91206. In California (800) 421-9115, 
ext. 38. Other States, (800) 423-2495, 



RESEARCH & 


ANTIQUES 


ANTIQUE SCIENTIFIC & Nautical 

instruments, microscopes, globes, tele¬ 
scopes, illustrated catalogs. Introduc¬ 
tory subscription $4. Historical Technol¬ 
ogy, Inc. 6S Mugford Street, 
Marblehead, MA 01945. 


MEETINGS/SPEAKERS 


ext. 38. 

UNIVERSITY DEGREES WITHOUT 

CLASSES! Accredited Bachelor’s, 
Master's, Doctorates. Free Revealing 
Information. Careers-HTIO, Box 
470886, Tulsa, OK 74147. 

LEARN TO BE A TELEVISION STU¬ 
DIO TECHNICIAN: After only fourteen 
months earn your Degree and a great 
career in Video. Financial Aid and Na¬ 
tional Placement Assistance. VIDEO 
TECHNICAL INSTITUTE: Dallas (214) 
263-2613 or Long Beach (213) 595- 
1660. 


EDUCATION 


Bachelors, Master’s, Doctorates. 

Guide to Colleges offering non-residen- 
tial degree programs through indepen¬ 
dent home study. Accredited, economi¬ 
cal, accelerated programs. Credit given 
for prior accomplishments and work ex¬ 
periences. Free detailed brochure. 
Write: Dr. John Bear, P.O. Box 11447- 
HT, Marina Del Rey, CA 90295. 


VENTURE 

CAPITAL 


OFFICE 

EQUIPMENT 


BUSINESS PHONE STORE! User- 

installable, WOLV410 3 Phones, $395. 
■(800) 328-5369. 

BUSINESS PHONE STORE! World fa¬ 
mous phone systems. Low prices. (800) 
328-5369. 


BUSINESS 

SERVICES 


INCORPORATE WITHOUT LEGAL 

FEES! Free Booklet Tells How, Includes 
Forms. Call Harvard Business Services 
Now: (800) 345-CORP. 


DEVELOPMENT 


200 PHYSICS ANOMALIES & Sup¬ 
pressed Inventions! Amazing 40-Page 
Data Catalog, $2. REXFAX, Box 1258, 
Berkeley, CA 94701-1258. 


PATENTS & 
INVENTIONS 


Inventions, ideas, technology want¬ 
ed! Call free 1-800-528-6050. Canada, 
1-800-528-6060. X831. 

Learn how to offer your invention 

for sale or license. Free booklet outlines 
procedures, royalty rates, require¬ 
ments. Kessler Sales Corporation, C- 
53,Fremont, Ohio 43420. 

INVENTORS! Can you patent and 

profit from your idea? Call AMERICAN 
INVENTORS CORPORATION forfree in¬ 
formation. Over a decade of service. 1- 
800-338-5656. In Massachusetts or 
Canada call (413) 568-3753. 

REGISTERED PATENT ATTORNEY 

will evaluate your invention and prepare 
and prosecute patent application if pat¬ 
entable invention is believed to exist. 
Edwin D. Schindler, Esq., 1523 East 4 
Street, Brooklyn, NY 11230 or call (718) 
336-9346. 


Speakers Bureau 

High Technology Magazine’s 
writers and editors are prepared 
to discuss a variety of technology 
and business issues at your next 
meeting. Contact: 

Ms. Ellen Kolton 
High Technology 
Speakers Bureau 
38 Commercial Wharf 
Boston, MA 02110 
or call (617) 227-4700 


PUBLICATIONS 


How to Publicize 
A Growing Company 

Sherwood Ross. 

P.R. Director, loc. Magazine 
50 page do-it-yourself action manual with 
sample releases for national and local TV, 
radio & press visibility. Send $14.95 to 
Sherwood Ross, 2-13 Pheasant Hollow Dr. 
Plainsboro, NJ 08536, 609-275-0963 


BUSINESS 

OPPORTUNITIES 


Make money from small ads like this! 

Plan (12 pages, 81/2X11) shows how! 
Rush $2.00—Voice Publications, Box 
EX2, Goreville, IL 62939. 


CLASSIFIED 

ADVERTISING 


Put your ad before the business pro¬ 
fessionals who made high technology 
the fastest-growing business today! 

Rates: $4.25/word for running copy listings: 10 word mini¬ 
mum. $225/inch for display advertisements (supply offset 
negatives, right reading emulsion side down, or camera 
ready mechanical to size). Box numbers will be assigned 
for an additional $6. 

Payment: All Classified Advertising MUST be prepaid. 
Send check or money order made payable to Hig h Techno l- 
ogy. If ad is to be billed on a credit card (VISA or Master 
Charge), include credit card number and expiration date. 
Please also include your signature. 

Deadline: Closing for High Technolo gy Classified Advertis¬ 
ing is the 12th of the second month prior to issue date. 

KgKlechnology 

Classified Advertising Department 
38 Commercial Wharf, Boston, MA 02110-3883 
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TECHSTARTS 


Exovir: 

BIOTECH SALVES 

While most commercially available 
biotechnology-based drugs are either 
injected into a patient’s bloodstream or 
taken orally, Exovir has developed a 
topical treatment made of a surface¬ 
acting gel combined with interferon. 
The substance is being tested for use 
against viral skin diseases, including 
oral and genital herpes. The company 
is also evaluating other blood proteins 
for possible combination with the pro¬ 
prietary gel to use in the treatment of 
wounds, and it is conducting research 
jointly with Genentech to combine the 
gel with several anticancer drugs. Exo- 
vir’s products will compete primarily 
with topical drug delivery systems, 
such as membrane-based adhesive 
patches for controlled release of sub¬ 
stances. 

Financing: $495,000 from a March 
1983 private stock placement. $3.89 


million in net proceeds from an Octo¬ 
ber 1983 public offering of 1.15 million 
shares. 

Management: Maxwell M. Powell 
(founder, chairman, and CEO) was 
president and director of Life Sciences, 
a biomedical R&D company. Richard D. 
Glaser (president and COO) was VP in 
charge of biomedical R&D for the Spe¬ 
cialty Materials Group of AMF. Fred 
Rapp (scientific adviser) is chairman of 
the department of microbiology at 
Pennsylvania State University’s Col¬ 
lege of Medicine. 

Location: 111 Great Neck Rd., 
Great Neck, NY 11021, (516) 466-2110. 
Founded: May 1981. 

AI Technologies: 

WORKSTATIONS 
WITH MAINFRAME 
SPEED 

Although desktop computers started 
out as fairly rudimenta¬ 
ry machines, they’ve 
steadily increased both 
their horsepower and 
versatility. The desktop 
machine under develop¬ 
ment at AI Technolo¬ 
gies will match a 
mainframe’s computing 
speed, claims the compa¬ 
ny. by processing more 
than 40 million instruc¬ 
tions per second. Called 
the Cyclone, the ma¬ 
chine is based on a pro¬ 
prietary 32-bit micropro¬ 
cessor that combines 
design features of re- 
duced-instruction-set 
computers with on-chip 
circuitry for floating¬ 
point mathematical cal¬ 
culations. Scheduled for 
commercial introduction 
in 1988, the Cyclone will 
be aimed at engineering 
number-crunching and 
artificial intelligence ap¬ 
plications such as expert 
systems, which require 
sifting vast amounts of 
data. Competitors will be 
engineering workstation 
makers ranging from 
Sun Microsystems to 



Exovir expects its antiviral salve to be used in the 
„ treatment of skin diseases, says Maxwell M. Powell, 
| chairman and CEO. 


Digital Equipment Corp. 

Financing: $1.3 million from com¬ 
pany principals. 

Management: Paul Schroeder 
(president) and David Wooten (VP of 
product development) came from chip 
maker Inmos International, where 
Schroeder was COO and Wooten was a 
design engineer. Timothy Coutts (VP of 
finance and administration) headed a 
department for emerging business ser¬ 
vices at accounting firm Deloitte Has¬ 
kins and Sells. 

Location: 1041 Elkton Dr., Colorado 
Springs, CO 80907, (303) 590-1886. 

Founded: May 1983. 

Ecco Industries: 

VOICES THAT 
OPEN DOORS 

The latest wrinkle in security systems 
that automatically allow authorized 
personnel to enter restricted areas is 
biometrics—identification through 
unique personal features such as fin¬ 
gerprints. Ecco Industries’ VoiceKey 
System is based on "voiceprints,” indi¬ 
vidual accoustic patterns that the com¬ 
pany claims are unaffected by colds 
and can’t be reproduced by ordinary 
tape recordings. At the heart of the 
system is an IBM-compatible PC con¬ 
taining a proprietary circuit board 
that runs the voice-verification algo¬ 
rithm; a telephone handset and key¬ 
pad are installed at each entry point. 
The company is aiming the system at 
government, military, computer, and 
healthcare facilities. Competitors in¬ 
clude other biometrics companies such 
as Fingermatrix, as well as makers of 
sophisticated conventional security 
systems, such as Honeywell. 

Financing: $3 million in venture 
capital from individual investors. 

Management: Heath Paley (presi¬ 
dent) headed the Maine Woods Shoe 
division of Bennett Industries. Michael 
Backler (VP of marketing and sales) 
was VP of marketing for Kurzweil 
Computer Products. Thomas Denker 
(director of software development) was 
a system designer for Motorola Micro¬ 
systems. Bruce Smith (director of hard¬ 
ware development) was director of en¬ 
gineering for International Teletron. 

Location: 130 Centre St., Danvers, 
MA 01923, (617) 777-7750. 

Founded: August 1983. 
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INVESTMENTS 


EYE SURGERY PRODUCTS 
SEE STEADY GROWTH 



An ultraviolet-absorbing interocular lens, made 
by Optical Radiation, replaces a human lens af¬ 
ter a cataract operation. 


Lens implants 
and related 
devices are now 

ajbillion-dollar 

market 


I n recent years, significant advances 
in eye surgery have been particular¬ 
ly helpful to the one in every 19 Ameri¬ 
cans who suffers from a defect that 
cannot be totally corrected with eye¬ 
glasses or contact lenses. The 1986 U.S. 
market for ophthalmic devices—which 
includes intraocular lenses (IOLs) and 
refractive surgery equipment but ex¬ 
cludes vision-care products such as eye¬ 
glasses—is estimated at well over $1 
billion. Growth is being spurred by the 
needs of an increasingly elderly popu¬ 
lation, eye strain caused by increased 
amounts of time spent watching TV 
and working at video display termi¬ 
nals, and patients’ general refusal to 
accept reduced vision as a state of life. 

An IOL is implanted in a brief proce¬ 
dure following surgery to remove cata¬ 
racts, which impede the the transmis¬ 
sion of light through the inner lens of 
the eye to the retina. If uncorrected, 
this condition, which primarily afflicts 
the elderly, leads to functional blind¬ 
ness. In general, replacing the inner 
lens with an IOL rapidly restores near¬ 
normal eyesight. Currently, 95% of the 
1.1 million new cataract surgery pa¬ 
tients in the U.S. receive an IOL. One 
significant development with IOLs is 
the emergence of soft, foldable lenses 
made of silicone rubber and other bio¬ 
compatible materials. Designed to 
cause less trauma to the eye during and 
following their implantation, these 
lightweight IOLs are expected to large¬ 
ly replace hard IOLs in the next decade. 

Refractive surgery modifies the an¬ 
terior corneal curvature to improve 
the patient’s natural vision, thereby 
reducing or eliminating the need for 
glasses or contact lenses. Devices used 
in different types of refractive surgery 


by Pieter Halter 


include instruments to make precise, 
controlled-depth incisions in the cor¬ 
nea to correct mild nearsightedness, 
and the microkeratome, an instru¬ 
ment that can shave thin surface tis¬ 
sues from the cornea to correct more 
severe refractive errors. 

Many companies are active in the 
ophthalmic surgical market, including 
Johnson & Johnson, SmithKline Beck¬ 
man, 3M, and Pharmacia. Two inde¬ 
pendent public companies—Coopervi- 
sion (Menlo Park, Cal.) and Optical 
Radiation (Azusa, Cal.)—should be 
particularly attractive to investors in 
view of their leading-edge technology 
and aggressive marketing strategies. 

Coopervision (NYSE: EYE) is one of 
the world’s largest and most diversi¬ 
fied ophthalmic device companies, 
with products in virtually every oph¬ 
thalmic growth arena. Coopervision 
has made a number of moves that have 
brought it the largest share (an esti¬ 
mated 22%) of the IOL market. The 
acquisition of Cilco gave the company 
access to a viscoelastic solution used to 
protect the cornea during IOL im¬ 
plants; this material represents a po¬ 
tential $100 million worldwide mar¬ 
ket. Coopervision has also obtained 
exclusive licensing rights from Staar 
Surgical for an IOL made from pure 
silicone and has introduced the Nova- 
flex series of silicone lenses, which re¬ 
duce pressure on delicate ocular tissue 
following the implant. The company’s 
Smartknife, a scalpel connected to a 
laser calibration device that provides a 
digital readout of blade depth in mi¬ 
crons, could eventually help bring ro¬ 


botics into refractive surgery. 

Company revenues in 1985 
were $331 million, with profits 
of $35.2 million and $1.69 earn¬ 
ings per share. Taking into ac¬ 
count its recent acquisitions, 
Coopervision’s consolidated 
revenues this year should 
reach $430 million. However, 
integrating its ophthalmic ac¬ 
quisitions will reduce its earn¬ 
ings; profits should drop to 
zero. In 1987, earnings should 
increase to a projected $45 mil¬ 
lion and $2.07 per share, based 
on revenues of about $480 
million. 

Optical Radiation (NASDAQ: 
ORCO) has been a leader in IOLs that 
filter out ultraviolet rays, which can 
cause long-term harm to the eyes. The 
company is also on the forefront of 
several other IOL developments. One is 
a type of lens that allows the use of 
laser treatment to remove secondary 
cataracts following implantation, 
without damaging the lens; another is 
dehydrated IOLs—currently undergo¬ 
ing animal trials—which can swell 
from 3.2 to 6 millimeters after implan¬ 
tation, enabling the surgeon to make a 
much smaller incision. In the area of 
refractive surgery, Optical Radiation 
has introduced the Oracle, a kera- 
tometer that performs real-time map¬ 
ping of the cornea surface for fitting 
lenses and that calculates corneal 
shape modifications to be achieved in 
the operation. 

Profits for fiscal 1985 were $12.5 
million, or $1.50 per share, based on 
income of $96.5 million. These figures 
may decline in 1986, with estimated 
income at $96 million and $1 earnings 
per share, primarily because of an op¬ 
erating loss at the company’s Omega 
Optical subsidiary, along with continu¬ 
ing high expenses for the introduction 
of new lens product lines. Earnings 
should pick up again next year, now 
that production problems with Ome¬ 
ga’s Lite Style eyeglass lenses have 
been solved. □ 


Pieter Halter is president of Biomedical 
Business International (Tustin, Cal.), a 
medical consulting and market research 
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If you’re about to take a business trip or vaca¬ 
tion, don’t forget to bring your AT&T Card. 

With the AT&T Card in your pocket, you can 
travel around the country and to many foreign lo¬ 
cations and still be able to manage matters at your 
office on a daily basis. You’ll also be able to keep in 
touch with most anyone who really matters—from 
your son to your stockbroker. Because being on the 
road shouldn’t mean being out of reach. 

So, if you travel a lot, let your AT&T Card 
plug you into the AT&T Long Distance Network. 
And if you don’t have an AT&T Card but want 
to make sure everything’s running smoothly 
when you’re away, order your AT&T Card today. 
Simply call 

1 800 CALL ATT, Ext. 229. 



©1986 AT&T 


AT&T 

The right choice. 




Locate In Scotland. 

THE CENTRE OF EUROPEAN ACHIEVEMENT. 



Scotland has always placed great emphasis on learning. It was the first country in 
Europe to introduce an element of compulsory education, as far back as 1492. Scotland 
continues as pioneer, from the introduction of computers in schools, to the first academic 
seminar to be held by satellite. Schooling in Scotland is different. It reflects the belief in 
the value of a broad based education. Biologists can speak French and chemists 
have heard Chopin. Students are encouraged to qualify in both arts and science subjects 
to achieve a balanced view of the world. Universities continue the emphasis on a 
broad education. Scotland produces more graduates per capita than any other country 
in Western Europe. From arithmetic to artificial intelligence, there is a quiet statement 
of quality in the Scottish way of learning. For Scotland’s people are its best resource, 
and it is these people who are driving the high-tech businesses of tomorrow. Come to 
Scotland and you’ll never look back. 



LOCATING 


u 

THE SCOTTISH DEVELOPMENT AGENCY, THROUGH A SINGLE ENTRY POINT, OFFERS INVESTORS ALL THEY NEED TO KNOW ABOUT 
I SCOTLAND. CALL TOLL FREE (800) THE-SCOT, OR SEND YOUR BUSINESS CARD TO 1 LANDMARK SQUARE, SUITE 810, STAMFORD, CONNECTICUT 06901. ] 

SDA OFFICES ALSO IN HOUSTON, CHICAGO AND SAN FRANCISCO. 










